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INTRODUCTION 


While it is not the purpose of this paper to deal with all phases of the 
Helminthosporium disease of wheat, it seems advisable at this time to 
lummarize the general situation concerning the disease. The chief 
jurpose of this paper is to present the results of field observations and 
jreliminary experiments bearing on the influence of soil temperature 
ind soil moisture on certain phases of seedling infection in spring and 
tinter wheat and, to a limited extent, in spring barley. 

When the TOter began the investigation of the take-all and the rosette 
liseases of wheat it became evident that these diseases were in many 
Bses intimately associated with the Helminthosporium disease and also 
(ith other wheat diseases which were likewise obscure. This necessitated 
i study of certain phases of the Helminthosporium disease in order that 
he other maladies might be properly interpreted. 

Although the Helminthosporium disease of wheat had attracted little 
ittention among plant pathologists prior to the discovery of the rosette 
lisease of wheat in Madison County, HI., in 1919 (ir),' it was known to 
Iccur in several of the spring- wheat States and, to a limited extent, in 
[he winter-wheat area. While little had been published in connection 
pth the Helminthosporium disease, cereal pathologists in the spring- 
peat belt and adjacent areas were fairly familiar with its general symp- 
pms and characteristics. 


I Beckwith (r) and Bolley (2) were the first to show that wheat plants 
ly be attacked by a Helminthosporium and that this organism is 
jociated with poor wheat yields in the spring-wheat area. E. C. 
nnson (d) was the first to demonstrate the pathogenicity of Helmin- 
isponum on wheat seedlings. While he called the species with which 
worked Helminthosporium py'amineum Rabh., it is evident from the 
nayior of his fungus in inoculation experiments that, in reality, he was 
Tkmg with H. satimm P. K. and B. 
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Soon after the discovery of the rosette disease (ii) near Granite City 
HI., and in Indiana, it was found by the writer and others that Hehil 
thosporium saiimm P. K. and B. was associated with it in its latj 
stages. While this association was rather consistent in many cas® 
it seemed somewhat doubtful to the writer and to certain other worketj 
if Helminthosporium was to be looked upon as the primary cause of 
rosette, although it was recognized that rosette might possibly be ay 
unusual manifestation of the Helminthosporium disease (9) brouglit 
about by some environmental condition, or due to some unfamiliar straii 
of the organism. Although Stevens (14, 13) claims to have proved tlat 
the rosette disease (called footrot by him) (13, 14, 15) is caused direct]; 
by Helminthosporium, it has been pointed out by the writer (9,17) tlal 
positive proof of this causative relation is lacking. As to the ability ol 
Helminthosporium to produce a definite, unmistakable disease in wheat, 
there is no doubt, as is shown in Plates i, 2, 3, and 4, but as to its abilitj 
to produce the symptoms of wheat rosette, as the latter malady is mi 
interpreted, there is a question. 

On a basis of field observations and isolations made from material 
collected by the writer and others, it is evident that the Helrmnthosporim 
disease of wheat occurs to a greater or less extent throughout the wheat- 
growing regions of this conntry (lo). 

In some cases the disease occurs in combination with other wheat 
diseases, as is the case in the district around Granite City, 111 ., and it 
certain of the fields affected by take-all and footrot in Kansas. In othei 
cases Helminthosporium sativum seems to be the chief or only parasite 
involved. 

In certain localities and under certain conditions the Hehninthosporiiin 
disease causes considerable damage to the wheat crop. This is evidence 
by the conclusions of Bolley (j) and Stakman (12) concerning Helmiii- 
thosporium in North Dakota and Minnesota, respectively, and oi 
Hungerford (5) concerm'ng the situation in the vicinity of Rexbnrj, 


Idaho, in 1921. 

While more than one species of Helminthosporium may be mvolvM 
in the disease, the bulk of evidence now in hand, as pointed out by tit 
writer (zo), indicates that a single species {H. sativum) is the one chi® 
involved. This organism apparendy does not have as fixed a mi- 
phology as many fungi, and this is especially true in regard to conidii 
Experiments which w 2 l be discussed fully in a later paper show that tit 
same single-spore isolation, when submitted to different conditions* 
to substratum, temperature, etc., may produce spore forms which are* 
widely different as to suggest different species to persons not acquaii- 
ed with the situation. As to the possibility of different physiology* 
strains within this species nothing definite can be said at this time 

The studies on the symptoms of the Helminthosporium disease 
published by Stakman {12) and by the writer (rr) show that un 
favorable cemditions H. sativum is capable of attacking all parts ol 
wheat plant from the roots to the head. It is evident, however, 
under certain conditions infection does not take place, or tak^ P 
only in a mild form, even when the organism is present in the soil. 

Soon after the writer became interested in the Helminthospo"^ 
disease, it was realized that the disease does not attack the w ^ 
plant with the same degree of severity in all localities or dunnS ^ 
different periods of development of the plant in a givM iji 

pointed out earlier in a brief note (/o), these observations led t 
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belief that climatic factors and weather conditions probably exerted 
some influence on the development of the disease. Accordingly, labora- 
tory and field experiments were planned whereby data on these influences 
might be obtained. Since H. sativum attacks all parts of the plant it is 
ob^ous that the different types of injury should be studied more or less 
independently. In view of this fact it was decided to make the pre- 
liminary studies on those injuries which are confined to the subterranean 
parts of the plant, and on the development of these injuries as influenced 
by soil temperature and soil moisture. 

GREENHOUSE EXPERIMENTS 
son, TEMPeRATUKB STUDIES 

All of these studies were carried out in the department of plant 
pathology, University of Wisconsin. The soil-temperature apparatus 
used was essentially the same, except for some modification, as that 
described by Jones (7). 

The wheat seedlings were ^own in metal pots 8 inches in diameter 
and inches deep, placed in tanks of water held at the desired tem- 
peratures. The water line came from to i inch above the soil line in 
the pots. Previous experiments with potatoes in connection with the 
soil-temperature studies on potato scab by Jones, McKinney, and Fellows 
( 8 ), and also preliminary experiments with wheat plants, showed that 
there was no need for drainage in the metal pots, and, therefore, no 
special drainage apparatus was used. 

EXPERIMENTS AT CONSTANT TEMPERATURES 

Experimental Methods 

The various temperatures were maintained by electric heaters placed 
on the bottoms of the tanks in contact with the water, and by means 
3f cold running water supplied from the local mains in winter and 
from a refrigeration coil in summer. The high temperatures were con- 
[rolled by electric thermostats which opened and closed the heater 
arcuits by means of relays. These regulated to within an average of 
U" to C., above and below the stated temperature. The low tem- 
Jcratures were regulated by carefully adjusting the inflow of cold water 
)r by a controlled electric heater which operated against a stream of cold 
vater having an inflow slightly greater than that required to hold the 
noper temperature in the soil. All temperatures were regulated and 
■ecorded on a basis of the temperature of the soil i inch below the surface 

^ All plants were watered on a basis of weight with tap water frequently 
^ough to insure a nearly constant soil moisture throughout an experi- 
ent. At the high temperatures pots were watered daily or oftener, 
ependmg upon the weather, while at lower temperatures the watering 
^as less frequent. Different methods have been used, but in this work 
; seaned that the application of water directly to the surface of the soil 
il^ watering was done frequently. In all the experiments, the 

? nts m a given soil-temperature series were subjected to the same air 
L P^'alures, which ranged from approximately 18“ to 24’ C., accord- 
n di° ™ ®*a^n. The differences in host response and the devdopment 
I ^tie, therefore, primarily to differences in soil temperature, 

ibtam^ f soil-temperature studies consisted of a fertile loam 

M from a wood lot. Although this soil had never been cropped it 
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was infested with Helminthosporium sativum, which deydops on manyd 
the wild grasses. This necessitated sterilizing the soil by the pressure- 
steam method for varying periods, depending on the pressure used, 
Four hours at i-pound pressure or less and one hour at lo to 15 pounds 
gave satisfactory results. This soil after sterilization had a lnoistll^^ 
Llding capacity of 67 per cent. Two varieties of wheat, Marquis (spiug) 
and Harvest Queen (winter), and Hannchen and Hanna vaneties 0! 
spring barley were used in these experiments. All seed was surfact 
sterilized with a solution of mercuric chlorid and water (i : 1,000) for 10 
minutes and thoroughly rinsed in sterile water before sowing. _ It was 
verv difficult to obtain seed free from Helminthosponum infecUon and, 
as surface sterilization is not effeetive in controlling this infMtion, sud 
seed had to be guarded against One sample of Harvest Queen seed 
from the uplands of Madison County, 111 ., was for the most part free 
from infection, and this was used in much of the work. A small Mount 
of Marquis seed, kindly supplied by G. H. Dungan, of fte Ilhnois Agn- 
cultural Experiment Station, also proved to te praetically free from 
infection, and the same was true of the seed of Hannchen and 
barley from the Aberdeen (Idaho) plots of Dr. H. V. Harlan, of tht 
Office of Cereal Investigations, United States Department of Agncultuit 
The organisms used in the inoculations consisted of three single-sport 
strains of Helminthosporium sativum. The first, deagnat^ No. 51a, was 
isolated by the writer in May, 1920, from the crown of a Harvest Queen 
wheat plant, in the advanced stages of the rosette disease, 

Granite City, 111 . The second, designated No. 350, vras isolated by lit 
writer in April, 1921, from an infected barley kernel obtauned from a 0 
of seed grown in the vicinity of La Fayette, Ind. The tlurd, desi^a ted 
No. 392? was isolated by Dr. R. W. Webb in the spnng of 1921 from the 
same type of plant and from the same source as culture 5 ix 

These strains were cultured on potato-glucose ag^ in Petn d ste 
The spores were scraped from the surface of the medium and put nto 
water. These spore suspensions were then used to moculate the seal 

'’^In*to*c^e°oVsred inoculation, a given volume of spore 
was placed in a test tube, such volume being just enough to moisteu W 
number of seeds to be sown in a single pot. The sus^m w^ ® 
fully measured by means of a pipette so as to msure uniformity of 
lato and then put into as many test tubes as there 'y^re pots 
inoculated. Thb measuring procedure was followed at the tegmn 
the inoculating operation. The seeds were pyeviously countd out 
definite numbers for each pot. At the time of sowing u 
the seed was poured into the test tube of inoculum, 
emptied into a Petri dish, the small excess of suspermion was ^ 
and the seeds were quickly planted by means of fo*3® ^ 

not introduced into the moculum until just before planting, 
was sown 1.5 inches deep. j - 

Owing to the fact that the spores of Helmvr^spor^um sahmmi 
germinate to any extent in large quantities of water, no 
from preparing all of the suspensions at the begmmng of j, 

operations. The writer has had a spore suspension of wga 
thTlaboratory from April toNovember, 1921, with practically no gen^^ 
ti^ Sowing of the^ spores were made on ^ 

time to time, and good germination took place until 
the period, when the viability of the spores seemed to go down rap 
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Soil inoculations were made by sprinkling or spraying a spore sus- 
pension over all the soil used in a complete series. This soil afterwards 
was thoroughly mixed and put in the i»ts before the seeds were sown. 
This method insured uniformity of the inoculum throughout all the pots 
in a series. In all cases the control or uninoculated pots were sown be- 
fore working with the inoculum for the inoculated pots. 

In all of the experiments, only enough inoculum was used to produce 
a moderate amount of infection on the underground parts. This was 
done in order that the temperature influence might be determined 
more accurately. In no case was there sufficient inoculum to produce, 
a marked killing of the plants. In the soil-temperature studies on 
potato scab (S) it was found that heavy' inoculation tended to produce- 
undue flattening of the temperature rfnd disease curve, and this same- 
condition seems to hold with the Helminthosporium disease. The 
exact temperature optimum tends to be obscured when an excess of 
organism is present. 

In determining the comparative influences of the several soil tempera- 
tures in any one series the amount of disease produced was taken as a 
basis. As pointed out in the work with potato scab (S) , it is not adequate 
to use alone either the number of infected individuals or the degree of 
infection as the sole index for the amount of disease. 

In the case of the data from the greenhouse experiments the extent 
of disease is expressed as an infection rating, which represents the per- 
centage of the total number of plants which were infected and also tte 
Jegree of infection. 

In recording the extent of disease, the plants were separated into five 
classes according to the degree of infection, and each plant was given a 
lumerical rating, as shown in Table I. 


Table l.-Chum, dtgrees of infection, and numerical ratings used in rating diseased and 
healthy wheat 


of infection <ra the underptiuiid parts. 


Numerical 

rating. 


1 None 

2 Very slight. 

3 Slight 

4 Moderate 

5 Abundant. . . 


described as follows: (i) No signs of infection, as evi- 
f ■ ® ®“s™ce of any lesions on the underground parts: (2) very 
evidenced by small lesions on the coleoptile; (3) slight 
bs of /y^'^^ced by small lesions on the coleoptile or sheaths in ex- 
’ .V ““’"“■ate infection, as evidenced by the partial or almost 
rtMts- the coleoptile, with a few lesions on lower leaf sheaths 

Jleontiie ^ abundant infection, as evidenced by a complete rotting of the 

ieatL« numerous lesions on the subcrown intemode’, lower leaf 
*cduis or roots. 

:cuitM*^ herein cited relatively slight root infection 

^ wnether this is due to a difference in resistance between the 

te strarture at the wheel ptant which , 

"''Ktiscorered byUie“^^Ul^’’™‘ •”<* Ore ciown. In wheat and barley thij 
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roots and the other underground parts or to some other factor is not 
known. Further study is being made to detennine this pomt. 

After each plant in a given series had been given a numencal rating, the 
final infection rating for the plants grown at a pven tem^ature was 
arrived at by adding together aU the numencal rato^. dividing this 
sum by the total number of inoculated plants mvolved multiplied by 
three. This result was then multiplied by loo, thus putting the iniectioj 
rating on a percentage basis. 

Sum of all numerical ratin gs Xjto^ = Infection rating. 

Total number of inoculated plants X 3 

This result is then the comparative infection rating for fte ^ven ten- 
perature, since three times the total number of plants (3 teng the hgh^ 
^erical rating) represents the highest possibility for disease under 
conditions of the experiment. The results from all plants gro^ at all te 
temperatures in a given series are compared on a basis of factors demeil 
accorfing to the above method for each separate temperature. 

to cais where some Helminthosporium infection occumd m tyew 
trols the number of such infected plants was d^ucted proporUonally 
from the total number of inoculated plants before determining the di« 
factor m the inoculated series. Usually toe P'^ 

were free from infection, but it was found to be very difficult to preient 
Si conumkation, because of toe fact that H. saHvum sporulates so freely. 

Results 

Host PEVELOPMEOT.-While the experiments f ^ 

marilv to yield data concemmg toe development of toe disease, 
b^ yssible also to obtain information concerning the influence ot 

*"Tsho^ S Dickson tT^d other workers, “^ior 

soil temperature in many respects. In toe case of the time 

toe seed to germinate and emerge uj Jis process b 

toe higher temperatures, from 24 to 34.5 t., spec p P 
wheat and barlVy. At 28° emergence tak^ pkce in about toree da^ 

with 3.;, 34.5;, and 

TaC 5 ^ 7.5.. .o! and days, r^p^ctively. i-m toe ^ 


‘SlryelJu^- of -,toe 

plants after emergence also was found. Dunng | ^ ajd 

Jeriments it was discovered that toe greatest dewlopment m sta u« ^ 
dry weight of plants took place at temperatures of ^ - 

This temperature range forms toe rather broad crest of 

. ^ • ti 1 fiTi/1 Inwpr tpmf^rsiturCS. 


i^n^^rdually toward the higher and lower temperatures. ^ 
At 8° C. gemunation was slow, but a fairly 4st at u ’ 

germinated. The percentage of gannnation s«>ued to te h^gjes^^ 
?6“, and 20“. Owing to the slow development of plants ^d ^ 

extent of disease at 8° this soil temperature was not u^ 

3 experiment with Marquis wheat It was found that veiy^ 

. « 1 s _x iirPC 9n 


and this tempei 


.0 tba' 


SeCUliU 

plants developed at soil temperatures above 35 , 
proytd impraSable for the disease expenm^te. Even at 34-5 
was poor germination and the plants did not tnnw. the creates' 

nCfound that atemperatureof 20; C. to ^ 1 ^ 

number of tillers in wheat. In 57 days the production of tillers P« 
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t 20° averaged 6.2, while at the extreme soil temperatures only two 
Hers per plant were formed. At temperatures between 20° C and both 
igher and lower extremes a gradual decrease in number of tillers 
ras noted. 

Under eertain conditions with wheat the soil temperature seems to 
ifluence the ultimate position of the crown and permanent root system 
ith respect to the seed and soil surface. At high temperatures the 
•own tends to be developed near the surface of the ground, or, in other 
ords, a long subcoronal intemode is formed; whereas, at low soil 
mperatures, the crown tends to form low or at the seed. Intergrading 
dations of these structures develop at the intervening temperatures, 
ust how important soil temperature is in connection with th^modifi- 
ition is not known. It seems apparent, however, that other factors 
lay, under certain conditions, completely obscure the temperature in- 
uence, for the writer has occasionally ob^rved plants in well-controlled 
mperature experiments which did not conform to the above observa- 
on. Certain varieties also do not seem to respond in this way. 



The lower temperatures (16'’ to 20° C.) tend to favor the development 
H ^ compared with the tops. The optimum temperature for 
0 Mvelopment of barley and wheat on a basis of dry weight seems to 
aoout 6 lower than that for top development during the periods of 
e recorded experiments. Dickson (4) considers that the optimum soil 
peratures for the various host responses recorded is about 4° higher 
arriuis wheat than for Turkey. While there is a slight indication 
relation holds between Marquis and Harvest 
It™ X is not sufficiently striking to warrant a definite 

wtnent at this time. 

development. — ^The results of disease development at the 
wa? T are tabulated in Tables II, III, and IV. The 

thes t it experiments are tabulated at the end of each 

biilpv ^ shown graphically in figure i. From the several 

odC '''iii *56 noted that while there has been a slight shitting of 
lerim '"t ™ temperature for disease occurrence in the several 
wts, this shifting has been within rather restricted limits. 
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TablB ll.—EffecU of soil temperatures on the irfecHon of MarqrM (spring) 
seedlings with Hehninihosporium sativum, Culture jija, at Madtson, Wts., tn igso-n 


Experiment i. 

Experiment 3. 

Exsjeruuent 3. 


ArtifidaDy inoculated soil. Started 
Nov. 34, 1930' ended Jan. ao, 
iqii. Soil moisture 37.5 pis' cent 
of moisture-holding capacity. 

Artificially inoculated soil. 
Started Feb. 7, 1931; ended 
Feb. 33, Mar. » and iS, 1931. 
Sdi moisture 44.4 per cent of 
moisture-holding capadty. 

Artificially inoculated ^ 
Started Mar. 3, 19,1; 

Mar. 21. i93t. Soil moisten 
43.3 per cent of moisture-hoH. 
ing capaaty. 

Average 
soil tern- I 
I>eratures. j 

Number 
of plants. 

Infection 

rating. 

Average 
soil tem- 
peratures. 

Number 
of plants. 

Infection 

rating. 

Average 
soil tem- 
peratures. 

Number 
of plants. 

Infettia, 

ratiaj, 

_ . 

*C. 

8 

13 

16 

30 

24 

28 

32 

40 

41 

37 

33 

25 

32 

20 

1-3 
ai. I 

63.0 
73-7 

58.0 
6q. 6 
61.3 

•c. 

a& 

^12 

«i6 

C20 

C24 

«28 

'32 

«35 

72 

7a 

73 
78 

19 

7 ' 

a? 

V 

24. 6 
61. 0 

40. 8 
52' 3 

76-3 

8a. 1 
87.6 

88.8 

•c. 

16 

20 

24 

28 

32 

34-5 

103 

100 

92 

90 

70 

54 

533 

79.1 

jS.c 

Experiment 4. 

Experiment 5. 

Summary .d 

Artiddallyiaoculated seed. Started 
Nov. 19, :93i leaded Dec. 17# i 9 *^ 
Sic^ moisture 59.7 per cent of 
moisture-hc^diiiK capacity. 

Naturally infected loam soil. 
Started Nov. 19. ton: ended 
Dee. 1?. I9S1. Soil moisture 
M. 7 per emt of moisture-hold* 
mg capadty. 

Average amount of iaiectiM u 
each soil temperature b fin 
ejcperiments with Marquii 
(spring) wheat. 

Average seal 
tempera- 
tures. 

Number 
(d plants. 

Infection 

rating. 

Average 
soil tern* 
peratures. 

Number 
d plants. 

Infection 

rating. 

Average 
soil tem- 
peratures. 

Average 

number 

plants 

per 

experi- 

ment. 

Infecti® 

ntint 

•c. 

12 

16 

30 

24 

28 

32 

34-5 

8a 

74 

63 

67 

44 

.67 

41 

17. 1 
33-3 
46.9 

64.7 

94. a 

83-4 

86.7 

•c. 

13 

16 

20 

24 

28 

3* 

34-5 

98 

94 

74 

86 

71 

58 

45 

7-9 
a;, a 
36.3 
60. 9 
64. 0 
75 - » 
73-3 

’C. 

8 

12 

16 

20 

24 

28 

32 

34 - 5 - 35 - c 

56. 0 
73-2 
76. 2 

69. 6 
69. 8 

39 -^ 
48 . 4 

41.7 

u 

1!4 

3!.) 

ji( 

!>■! 

8M 

; !:■' 

1 -M 


a Ended Mar. i8. 

b Ended Mar. la. ^ 

‘i not indodo th. •* Of n’ tomponturo daU Irom onpertaont >, .in« tt* 

older plants. 
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Table Itl.— Effects of soil temperatures on Ike infection of Harvest Queen (uinier) 
wheat seedlings -with Helminthosporium sativum cultures No. 51a and 3g2, at Madison, 
lVis.,in igsi and ig22 


Experiment i. 

Experiment *. 

Eicpcriment 3A. 

Experiment 3B. 

Artificially inocuUtcd 
soil (culture 51a). 
Started Feb. 7. 
ended Feb. 23. Mar. ra 
and ra. 1931- Soil 
mwsture 44.4 per cent 
of moisture-holding 
apadty. 

Artificially Inoculated 
seed (culture $ia). 
Started Mar. 3, 1921: 
ended Mar. 21, 1921. 
Soil moisture 43.2 per 
cent of moisture-hold- 
ing capacity. 

Seed inoculate} with a 
water srispenskm of 
culture 51a containing 
103,300 ctmidia per cc.; 
started Apr. j, 1931; 
ended Apr. 37, 1921. 
Soil moisture 33.5 per 
cent of moisture- 
holding capacity. 

This experiment was 
carried on at the same 
time and in the vtmts 
manner as experiment 
3 A except ^t the 
seeds were inoculated 
in a water suspension 
containing 6,375 co- 
nidia per cc. 

Average 
soil tem- 
pera- 
tures, 

1 

Num- 
ber of 
plants. 

Infec- 

tion 

rating. 

Average 
soil tem- 
pera- 
tures. 

! : 

Num- 
ber of 
plants. 

Infec- 

tion 

rating. 

Average 
soil tem-i 
pera- 
tures. 

j 

i 

Num- 
! ber of 

1 plants. 

Infec- 
tion , 
rating. 

Average 

suil 

tem- 

pera- 

tures. 

Num- 

ber 

plants. 

Infec- 

tion 

rating. 

•c. 

> 8 

<14 

24-7 

•c. 

16 

”7 

5-5 

•c. 

12 

104 

7.2 

“C. 

12 

dj8 

0. 6 

' 12 

84 

36.6 

20 i 

117 

31- 3 

16 

118 

12. 2 

16 

118 

15-4 

' 16 

103 

21. 0 

24 1 

ZOQ 

7 ,v 2 

20 

I18 

46.8 

20 

116 

22. 7 

! 20 

94 

31 - S 

38 

II2 

73 - « 

24 

Us 

43-0 

24 

II6 

41. 6 

= 24 

97 

. 31-0 

32 

114 

69. 0 

2$ 

"5 

70 - 7 

28 

II8 

46. 0 

5 28 

88 

48.6 

34 s 

98 

41. 1 

32 

1 lOI 

79.2 

34 

100 

48-6 

‘32 , 

'35 

78 

70 

74-9 

54-7 


1 


34-5 

**79 

1 

67.9 

34-5 

0 1 

33-9 


Experiment 4. 

1 Experiment 3. 

Experiment 6. 

Summary./ 


irtifically inoculated 
seed (culture sia). 
Started Apr. 29, 1921; 
ended May ax, 1931. 
Soil moisture 33.8 per 
cent of moisture-hold- 
ing capacity. 

1 Consolidated tempera- 
ture data from com- 
bined soil tempera- 
ture and moisture se- 
ries. Moisture data 
given in Table VII. 
Artificially inoculat- ! 
ed seed (culture 392). 
Started May 4, 1923; 
ended May 36, 1937. | 

Artificially inoculated 
soil (culture 393). 
Started May 20. 1933, 
ended June 2, 1932. 
Soil raoi^ure 32.2 per 
centof moisture 4 toid' 
ing capacity. 

1 .. 

Average amount of infection 
at each soil temper aiure 
in the six experiments 
with Harvest Queen (win- 
ter) wheat seedlings. 

Aver- 

age 

soil 

tem- 

pera- 

tures. 

Num- 
ber of 
plants. 

Infec- 
tion 
rating, 1 

Aver- 

age 

soil 

tern- 

pera- 

tnres. 

Num- 
ber of 
plants. 

Infec- 

tion 

rating. 

1 

Aver- 
age 
soil 
tem- 
I>era- 
' tures. 

Num- 
ber rrf 
plants. 

1 

Inlec- 

tion 

rating. 

Average 
soil tem- 
peratures. 

Num- 
ber of 
plants. 

Infec- 

tion 

rating. 

'C, 



•c. 



*C. 



*C. 




99 

0. 0 

12 

167 

15.5 

12 

117 

6. 2 

12 

109 

5-3 


99 

56 

.8 

16 

175 

19-5 

16 

121 

14- 5 

16 

121 

10. 8 


13-2 

20 

170 

53-3 

20 

H7 

17,0 

20 

II 2 

’7-3 

iS 

32 
: 48 

48.5 

24 

167 

71-7 

24 

“7 

' 20. 8 

24 

99 

47.0 

47-9 

28 

167 

81. 2 

28 

II7 

53-6 

28 

109 

55 - a 

^5 

, 24 

26.3 

32 

174 

54.5 

32 

lOI 

79-3 

3 B i 

TOO 

59- 1 

59 

9.6 

34.5 

156 

8.7 

34-5 

'55 

64. 0 

34-5-35 

88 

28.6 


•Ended Mar. iS. 

.“EndtdMar.ij, 

'aided Feb. jj, 

Tbis otperimettt oa acxximit of leak in pot. 

plants include the 8 or 12* temperature data from experiment 1 


, since these are for 
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Table IV . — Effects of soil temperatures on the irfection of Hannchen and Hannoharln 
seedlings with Helminthosporium scUivum cultures $ia and 350, at Madison, 
in ig2i ’ ■’ 


Experiment i. 

Experiment a. 

Experiment 3, 

Summary.* 

Artificially inoculated 
soil (culture 5ta). 
Hann^en barley se^ 
used. Started Feb. 7, 
1931; ended Feb. 33, 
Mar. 13 and iS, tgii. 
Soil moisture 44.4 per 
cent of fflobture'hold* 
ing capacity. 

Artificially inoculated 
Hanna barley seed, 
culture 51a used. 
Started Har. 3, 1931; 
ended Mar. 31. 1931. 
Soil moisture 43.3 
per cent of moisture, 
holding capacity. 

Artificially inoculated 
Hanna barley seed, 
culture 350 used. 
Started Apr. sg, 1931; 
aided May 31, 1931. 
Soil moisture 3».S 
per cent of moisture' 
holding capacity. 

Average amount d inf, 
tion at each soil lejmei 
ture in three ^ 
ments with Haaacb 
and Hanna barley see 
lings. 

Aver- 



Aver- 



Aver- 






age 

Num- 

Infec- 

age 

Nusn- 

Iniec- 

a^ 

icrfl 

Num- 

Infec- 

Average 

Num- 



ber erf 

Uon 


bererf 

tioo 


ber of 

tion 

soil tan* 




plants. 

rating. 


plants. 

rating. 


plants. 

rating. 

paatuies. 

plants. 

ntins 

tures. 



tures. 



tures. 









•c 



•c. 



“C. 


' 


90 

24.4 

16 

ito 

20.6 

12 


33 ’ ° 

12 

47 

33 

S 12 

89 

38.2 

20 

77 

34-3 

16 

4 17 

49.0 

16 

74 

3i' 

«5 16 

94 

36. 1 

24 

102 

44.6 

20 

37 

69. 0 

20 

69 

49 ' 

e 20 

93 

44-3 

38 

91 

7 J -3 

*4 

38 

63.0 

24 

74 

5«' 

* 24 

92 

46.4 

32 

88 

53 - 0 

28 

>3 

82. 0 

28 

62 

69, 

«28 

83 

55 - 6 

34 - S 

55 

30.0 

34 

14 

83- 3 

3 » 

51 

*3' 

C32 

5 > 

5+8 




34-5 

6 

16. 6 

34 - 5-35 

22 

>}. 

‘35 

6 

41.6 











A Ended Uar. iS. 

A Ended Mar. 12. 

c Ended Feb. 33. 

d Number oi seedlings reduced due to ravases of mice. 

4 1111$ summary does not include the B* or the 13* temperature data from experiment t, sinct the 
are for older plants. 

While the results of these experiments show that the Helminthosporiun 
disease can develop at all of the soil temperatures employed, they als( 
indicate that the disease is not favored by either relatively high or rel» 
tively low temperatures. From the curves shown in figure i it is strii 
ingly evident that rather high soil temperatures (28“ to 32° C.) favor thi 
development of the disease on the underground parts of the plants dumj 
the early period of their development. Although the exact explanatio! 
of this result can not be given at this time, it should be noted that tli! 
dbease temperature optimum fe above that for the best development ol 
the host plants and also above that for the best vegetative growth of If* 
parasite in pure culture, as is shown in figure i. This relation sugge* 
that the relatively high temperature requirements for the best develop; 
ment of the parasite (24” to 28°) together with the probable weakeniBgo* 
the hosts (host optimum 20* to 24°) at such temperatures partially »' 
plain the high optima (28° to 32°) for the development of the disease^ 
It should also be noted that the optimum temperature is apparently 1 
higher in the case of Harvest Queen wheat than in the case of Maffl* 
wheat or the barleys. The same tendency is suggested in 
published by Dickson (4) on the Fusarium seedling blight of wn® 
except that he reports lower optima. The explanation of the« 
may be tied up with differences in varietal susceptibility or with a no 
ber of other unanalyzed factors. 
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I the results from experiment 2 in Table II, experiment i in Table III,_ 
, d experiment i in Table IV, it will be noted that the plants grown' 
t 8“ and 12° C. were not removed at the same time as those grown 
t the higher temperatures. They were removed at later dates for 
he purpose of getting some idea of the influence of time on the develop- 
lent of the disease. The daU recorded in the above table show that 
Ime is an important factor, as eviden^ by the sharp rise in the disease 
urve at 8° and 12°, in contrast with the depression of the curves 
t the low temperature end of the expmments, where plants grown 
t all temperatures are removed and examined at the same time. These 
Esults are in line with natural expectations. 

In experiments 3A and 3B with Harvest Queen wheat 105,000 and 
[575 conidia of the parasite, respectively, per cc. of water were used to 
joculate the seed before sowing. The results of this experiment show 

e that the amount of inoculum greatly influences &e disease de- 
lent. In this experiment the greatest amount of disease occurred 
^here the greatest number of conidia were used. 

I It will be noted in figure i that the disease curve for Marquis wheat is 
bnsiderably higher than those for Harvest Queen wheat and barley, 
kcept below 16“ C. for barley. This relation is explained for the present 
b the basis of varietal susceptibility. In all of the work done by the 
[riter to date, Marquis wheat has shown higher susceptibility than 
prley or the other varieties of wheat used. The indications are that 
lie varieties of barley used develop a greater amount of Helmintho- 
porium infection at low soil temperatures than is the case with wheat; 
bd Marquis (spring) wheat seems to show the same tendency as compared 
jith Harvest Queen (winter) wheat. While these relations seem to be 
[ed up with specific and varietal differences, such a ^eral explanation 
Ills far short of completely satisfying the many questions which come to 
le mind of the experimenter. It is hoped that more satisfactory ex- 
lanations for some of these results may develop from research now 
pder way. 

BXPERIMENTS AT ALIBRNATINO TBMPBRATURES 


Experimental Methods 

As far as known, all of the controlled soil temperature studies on plant 
lease development thus far have had to do with “constant” tempera- 
res. While such temperatures are a means of obtaining very valuable 
ta which may be analyzed readily, it is recognized that under no circum- 
rnces in nature is the plant or the disease-producing organism submitted 
a constant soil temperature for any length of time. Naturally this 
ly lead some to inquire as to the actual value of constant temperature 
i'llts as an aid in interpreting the reaction of disease to variable tempera- 
res under field conditions. We are inclined to assume that the average 
ily soil temperature over a given period will produce practically the 
Me results as a constant soil temperature equivalent to the mean for 
™ a variable. In the case of potato scab this conception seems to 
Id, as is evidenced by the field experiment and observations on soil 
operature cited by Jones, McKinney, and Fellows((?); but, as far as 
Own, no controlled experiment has b^n carried out to determine this 
rat. In view of this fact, it was decided to devise a simple, controlled 
Penment to determine the relation of variable and constant soil tem- 
ratures in connection with the Helminthosporium disease. 
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Obviously, when variable temperatures are worked \rith, an inSjjjj 
number of combinations may be employed. In ^is experiment it seeuti 
wise to employ the simplest combination possible which would enatif 
a comparison to be made between the disease-producing influenced 
controlled variable soil temperatures and the influence of a constant 
soil temperature equivalent to the mean of the variable. It was deddeii, 
therrfore, to alternate the soil temperature as uniformly as possibll 
between 14“ and 30° C. once ev^ 12 hours; that is, the soil wasta 
reach the maximum of 30“ during the afternoon (between 1 and j 
o'clock) and to reach the minimum of 14®, 12 hours later (between 1 
and 2 a. m.). 

These temperatures were selected because they represent a reasonable 
soil fluctuation under field conditions, and because they lie on one side 
of the apex of the disease curve established by the “ constant" sol 
temperature experiments with Harvest Queen wheat, as shown it 
figure I. The particular time interval used was selected, not only 01 
a^unt of the fact that it conformed nearly to the condition in natim 
but because it divided the time between the upper and lower tempaa- 
tore range into equal intervals. 

Three additional series were operated at constant temperatures ol 
14°, 22“ (mean of 14° and 30" C.), and 30°. in conjunction with * 
alternating (14° to 30'") series. 

The methods of conducting this experiment were the same as tics 
used throughout the constant temperature series. One tank was devotK 
to each temperature and five pots were used in each tank, four of whid 
contained the inoculated plants and one the uninoculated control plaits 
Harvest Queen wheat seed, Helminthosporium culture 392, and sten 
lized loam soil containing 33 per cent of moisture, water free basis, wo 


Soil temperatures in the constant series were controlled as describe 
for the previous constant temperature experiments. In the case of i 
alternating temperature series control was obtained by means of a so 
thermograph which was remodeled to serve both as a recordmg theme 
graph and a thermostat. By means of adjustable platinum pomtstae 
to the inking arm and to the lever staff which is used to hold 
arm away from tlie drum while changing records, it was possible 
operate an electric spring switch and a water valve when the mmin™ 
or maximum temperatures were reached. , 

For this experiment an electric heater was obtained which laisw 
temperature of the water from 14° to 30® C. in approximately 12 » 
In addition, a flow of cold water was passed through a swivel v 
which was so regulated that it delivered sufficient water to lower 
tank water temperature from 30® to 14° in approximately 12 
The heater and valve were then operated by an electric ®nu 

by the adjustable platinum contacts, set at 14° and 30 , on 
ing soil thermograph. The control apparatus required setting alter 

°*O^Tto the slight irregularity in the water supply and to imrt 
tions in the conUol apparatus Acre were some slight vacations 
seal temperature curves shown in figure 2, but in the mam th« 
swrn fairly satisfactory and should justify consideration ot tne 
data obtained therefrom. 



Helminthosporium Disease of Wheat 


207 



* records made during the experiment on alternating soil temperatures. 
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Results 

Table V suiiimari2es the results obtained in this experiment Froa 
these data it will be seen that there was practically no difference between 
the amount of infection produced in the series held at 22° C. and that 
which was alternated between 14° and 30“. While there was a sli* 
difference, it will be noted that the results of the seed inoculation series 
tend to neutralize those of the soil inoculation series; and in addition 
this the variations are easily within the limits of experimental error, 

Tabi,e V. — Comparisons betTBeen the amounts 0/ Helminthosporium infectiom t 
Honest Queen wheat seedlings grown in soil held at constant temperatures of p 
and 30° C. and those on similar seedlings grown in soil at temperatures alternating 
between 14° and 30^ 



Seed moculatioQ. 

1 Soil inocuJatiMi. 

Soil temperature. 

! 

Number of 
plants. 

Infection 

rating. 

1 Number of 

1 plants. 

IniettiiB 

1 ratin;. 

•c. ' 

14 constant 

108 ' 

1 9-4 

109 


a a constant 

105 

19. 6 I 

104 

2 .vi 

14 to 30 alternating 

108 

20. 0 j 

109 1 

4 ! 

30 constant 

86 


84! 



While the results of this experiment show that plants grown it tit 
mean temperature suffered practically the same degree of infection as 
those grown at the alternating temperatures, it should not be iinda- 
stood that this concept necessarily can be applied to all the possiWi 
combinations of time and temperature which might be arranged in a 
periments on this disease or on other diseases. The results of the constail 
temperature experiments cited herein show that time is an im;»rtant 
factor in disease development; and, undoubtedly, prolonged periods a 
favorable temperatures do tend to produce more disease than steB| 
periods of such temperatures. 

Doubtless the relative position of the maximum and minimum tfl 
peratures selected on the disease curve established by the constant tei 
perature experiment will influence results materially. It would set 
probable that the results obtained in the alternating temperature expe 
ment can hardly be expected to hold except when the maximum n 
minimum temperatures lie on the same side of the apex or optimum pM 
of the disease curve established by constant temperature experimesi 
In view of the results of many physico-chemical experiments it doesti 
seem reasonable to believe that the results above set forth would b' 
been obtained if, for instance, the maximum and minimum temperal® 
had been selected in such a way as to include between them the 
optimum of the constant-temperature disease curve. Further stud?' 
plaimed in connection with the various phases of the problems tw 


suggested. , . 

In his study on Fusarium blight, Dickson (4) reports that as®, 
exposure to high temperatures during the germination period 
the wheat seedling and thus made it susceptible to the parasite- 
writer has not noted this relation in connection with the Helmtat“°*r 
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rium disease, even in connection with the alternating soil temperature 
Experiment cited above, but doubtless the relation of such high tem- 
perature to the previous and following temperatures to which the plant 
b submitted has some bearing on this point. 

f 

SOIL MOISTURE STUDIES 


Three greenhouse experiments have been conducted in connection 
dth the soil-moisture studies. In the case of experiments i and 2 all 
f the plants were grown at the same greenhouse temperature (15° to 
5“ C.) during the experiments. In the case of experiment 3, the 
loisture study was combined with the fifth soil-temperature experiment 
ith Harv'est Queen wheat. 

EXPERIMENTAI. METHODS 


The methods used in these experiments were the same as those employed 
1 the soil-temperature experiments. In all cases disinfected seed was 
loculated with a water suspension of conidia just before sowing. Seeding 
as not done until the soil moistures had been carefully adjusted on a 
isis of the usual soil-moisture tests. 

During the period of experiment the pots were weighed daily and 
loisture adjustments made as needed. No difficulty was experienced 
1 adjusting the middle and higher moistures, but there was some diffi- 
ilty in adjusting the lower ones on account of uneven moisture dis- 
ibution. This adjustment was facilitated, however, by applying water 
ten around the edge of the soil next to the pot wall and by keeping 
light dust mulch on the surface. 

In experiments i and 2, metal pots 5 inches in diameter and 9.5 inches 
iep were used; in experiment 3, metal pots 8 inches in diameteriand 
5 inches deep were used. 


er/’erimenTi an the relation of soil moUture to the infection of 
Matjuu and Harvest Queen wheat seedlings by Helminihosporium satimm when 
vtifaauy inoculated seed was sown in a sandy loam soil having a moisture-koldmo 
apaciiy of g6 fer cent, at Madison, Wis., in igoo ^ 



Experiment 

1. 

Expenmeat . 

2. 

Marquis seed sown, ailture 51# used. 
Expenmeat started Jaa. 5, 1912; 
ended Jan. 30, 1932 . 

Harvest Queen seed sown, culture 
us^. Experiment started 
Keb. 28, 1922; ended April 12, 1922. 

Perewtage 
of moisture- 
holding 
capacity. 

Number 
of plants. 

lufectioQ 

rating. 

Percentage 
of moisture- 
holding 
capacity. 

Number 
of plants. 

Infection 

rating. 

i 

22. 2 

33-3 
44-4 
55- S 
66.6 

77-7 

168 

173 

163 

Z26 

0 

22 . 6 
29. 1 
50-4 
64-3 

4$. 2 

27- 7 

33-3 
44-4 
55- 5 
66.6 

77-7 

80 

80 

80 

75 

69 

13 

0.8 

13.0 

18.3 

26.3 
30- S 
3‘-2 
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Table Vll —Results of an experiment mih Harvest Queen wheat, combinitig astud^^ 
soil moisture and temperature {fifth series), in loam soil having a moisiure-kojlr 
capacity of 6y per cent, using culture on sown May 4, ig22, experiment 
May 26, IQ32, at Madison, Wis. ^ 


Soil ia<ssture. on basis of moisture-holdiag capacity'. 


Soif 

tempera- 

37.3 per cent. 

46.1 per cent. 

ss<3 per cent. 


, Number 

InfecUon 

1 1 

1 Number 

lofectiooi 

Number 

Infection 


of plants. 

, rating. 

1 of fdants. 

rating. ! 

1 

of plants. 

rating. 

X. 


1 


1 

1 


12 

S 9 

8-3 

59 

16.8 ' 

S 3 

H -3 

16 

60 

18.5 

57 

31.8 

60 

10. 0 

20 ! 

53 

32 - 3 

60 

53-7 

55 

66.6 

24 

58 

20. 4 

57 

6 

SI 

73 ' 8 

28 

60 

35-4 

S 3 

74.8 

58 

82. 7 

32 

S8 

9.8 

58 

8.9 

59 

32. 2 

J+-S 

54 

8.0 

58 

7-3 

53 

IS’O 


Tables VI and VII and figures 3 and 4 give the results of the so: 
moisture experiments. In general all of the data thus far obtainei 
indicate that relatively high soil moistures favor the Helminthosporira 

disease of wheat. Iti 
of interest to notetb 

^ y \ joint influence of sci 

temperature and isois 

5 , \ ture in experiment 3 n 

t ,d|/ shown in Table VII an 

^ f figures 4 and 5. luff 

^ ^ ure' 5 it will be notef 

— ~ that the tempeiatm 

li .. optimum for diseas 

Iji development remainai 

^ ig / j constant at all the soil 

/ / moistures. Refereau 

jjle- — LA to figure 4, howevtt 

SU 44.4 5i5 6&6 m -n ? tt,p J 

F£/>c£fmGE OF Mo/STt/F£ HOLDMa ™' show that 

' CFFFC/TF OF so/L moisture optima 

shifted when the 

Fig. 3.— Gnpb showing the amounts Kebamtboeporium infection ,r 

on the subterranean parts of wheat seedUngs grown at different t^nip6r3.tUr6 ' ^ 
s<^ moistures with oUier factors as unifortn as possible, in experi- *t.o h i pllff 

meats I and a. Tabular results are given in Table VI. CflaUgCG, tflc 

temperatures enab^ 

the highest moistures to produce the maximum quantity of disease. 1® 
results indicate that the moisture optimum tends to drop in perceaW 
as the soil temperature lowers. The irregularities in the low moisture cn" 
in figure 5 and those in the 12® and 34.5° C. curves in figure 4 are W** 
sidered significant, since these curves represent the unfavorable exW®® 
of the factors under study. Slight irregularities in other factors 
doubtedly register themselves in a more pronounced manner wheu^j 
vorable soil moistures and temperatures are maintained, thus 
difficult to get the true expression of the influences of these two latter fat 


JU 44.4 S&S 6S6 
FlFceFTAGE OF MO/STl/FF HOtO/ffC 
CAFAC/TF OF SO/L 
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Owing to the Kmited data available at thi? ^ 

licate that soil temperature may ^1 — 

e a more influential factor than | -i 

3il moisture in connection with 

te development of the phases of 70 - / ^ — 

le Helminthosporium disease ~ 

Oder discussion. 

FIELD EXPERIMENTS ^ 50 ~ / //. . \ 

All of the field studies have | — J- ^ 

I n made with soil naturally in- b 'V . ^ 

:ed with Helminthosporium x ^ 

i'ttm. The plots were located s _SSr 

uniform gumbo soil in the 

erican Bottoms of the Missis- ..r. 

li River near Granite City, ^ 

just acrossfromSt. Louis, Mo! J 

/n nrH#‘f M o-Af _j?x. 6?jS 


In order to get some idea of the fe) 07^ Mo/sn„c 

ifluence of temperature on the ^ arsucrry ^ 

lelminthosporium disease, two 4 .--G'»pIi showing the amount at h , ■ , 
;nes of sowings of winter wheat 
«e made at intervals durke S??'“ 

r'a “f’SSSile"" 

, 5 rods long. In lo: 

I Early May and Harve 
- Queen varieties we: 
used and in 1921 Turke 
and Harvest Queen wei 
used. The dates of sov 
mg are given in Table 
VIII and IX. 

Owing to the distanc 
of the field plots frot 
the laboratory at Madi 
son, Wis., and to diffi 
culties in connectioi 
with getting some oni 
to obtain accurate soi 
^°'‘-T£MPeatTu/ 7 F<! , ^ -32 Jis ‘ornperature and mois- 

^ wey //V oea/rees cenr/earpe ‘“re records, it has beet 

?'H.lmmth«p„rimninf«tInn tO take the 

. temperature and 




Prempitation data fr 

-- to'seSe' rUTS" 


riKords do not retrri.«v„f at St. Louis, Mo. Wl 

'ditions on the exoerfm^i temperature and moist 

80376 - 23 — 0 ^ P‘°ts, they approximate the eene 


212 


Journal of Agricultural Research 


Vol.XXV].Si, 


trend of these factors very doseJy, and it is felt that they can be nsej 
safely as a basis for comparison. 

Table VIII. — Amount of autumnal itfedion by Helminthcsporium on ike 
ground parts of Early May and Harvest Qt^en wheats sown on different d(Uet k ' 
naturally infested field at Granite City, III., tn igzo * 


Variety. 

Sowing 

dates. 

Early May .... 

Sept. 21 

Do 

Oct. 4 

Do 

Oct. n 

Harvest Queen, 

Sept. 21 

Do 

Oct. 4 

Do 

Oct. II 


Approxi- 

mate 

Approxi- 

mate 

Fall data. 

mean 
tempera- 
ture 
durine 
growing 
period in 
falL 

total 

rainfall in 
inches 
during 
growing 
period in 
fall. 

Date ol 
observation. 

Percent- 
age of 
tiller 
infection. 

i 

•F. 

61.9 

2. S4 

Nov. 12 

1 

1 

64. 7 

59-4 

2. 72 

. . .do 

26.3 

57.6 

2. 72 

. . .do 

18.5 

61.9 

2.84 

. . .do 

61. 7I 

59-4 

a. 72 

...do 

45- 1 

57.6 

2. 72 

. . .do 

10. 9 

: 


Spring data.0 


Date of 
observation, j 


Pereeii. 

Wo| 


tilltt 

mfectiot 


May 13 i 

•••do 8!.o( 

••■do ! j4,j( 

No data takai ti 
Harvest Qutti 
on account if 
compUcatim 
from rosett! 
disease. 


« These dtt* ere based 00 detenninacions which were very hindly made by Dr. R. W. Webb of the 05a 
of Cereal Inveatisatiofis. 


Tabib IX .— cf autumnal iiyfeclian by Helminthosporium sativum in Tnit] 
and Harvest Queen wheats sown on different dates in a naturally infested field at Cmi 
City, III., in i(ai 


Variety, 

Date sown. 

Date re- 
moved. 

Ap- 

proxj* ; Ap- 
mate | proxi- 
mean mate 
tern* mean 
pera- rainfall 
ture during 
during 1 fall 
fall 'gro'ring 
growing: period, 
period. ' 

Age ol 
plants 
in days 
from 
seed- 
ing. 

Per- 

centage 

ol 

plants 

in- 

fected. 

Degree of 
tioa 

Turkey 

Sept. 

20 

Oct. 

>7 

"F 

63.6 

Inches. 

3-46 

27 

93. 10 

Abundait, 

Dd 

Oct. 

I 

Oct. 

26 

S 9-9 

.70 

25 

18. 20 

Slight 

Do 

Oct, 

12 

Nov. 

8 

57-8 
54 - 0 

■ 97 

27 

II. lO 

Very sligut- 

Do 

Oct. 

19 

Nov. 

17 

1. 23 

29 

13 - 40 

Do. 

Do 

Oct. 

27 

Nov. 

21 

49.8 

4. 91 

*5 

20 

Trace. 

Do 

Nov. 

II 

Dec. 

12 

44-3 

4. 80 

31 

6. 74 

Do. 

Harvest Queen 

Sept. 

20 

Oct, 

17 

63.6 

3 - 46 

27 

64. 50 

Abundant 

Do 

Oct. 

I 

Oct. 

26 

59-9 

.70 

23 

19.70 

Slight. 

Very shft 

Do 

Oct. 

12 

Nov. 

8 

57-8 

•97 

27 

5 - 30 

Do 

Oct. 

19 

Nov. 

17 

54-0 


29 

II. 70 

Do. 

Do 

Oct. 

27 

Nov. 

21 

49.8 

4.91 

25 

14. 50 

Trace. 

Do 

Nov. 

II 

Dec. 

12 

44-3 

4.89 

3t 

3- 70 



In all of the field experiments the amount of disease is expressed oJ 
basb of the percentage of the number of plants infected on the us ^ 
ground parts, chiefly the sheaths, culms, and subcrown intemodes. ^ 
account of the severity of the infection of individual plants was tw® 
arriving at this percentage. 
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In 1920 the autumnal data on all the plantings were taken on November 
Percentages were based on all the plants growing in 5 linear feet of 
in row in each plot. These 5 linear feet consisted of five i-foot sections, 
ir of which were taken i foot from the ends of the two drill rows adja- 
it to the outside drill rows, and the fifth from the center row of each 

Reference to Table VIII will show that early seeding tends to increase 
; amount of Helminthosporium infection on the underground parts of 
leat plants. These results are in line with those obtained in die con- 
died soil temperature and soil moisture experiments, as the earlier field 
rings were submitted to higher temperatures and moistures than the 
er sowing. 

It is of interest to note the results obtained the following spring on 
:se same sowings of Early May wheat. On May 1 3 counts were made in 
; same manner as in the 


tumn, and while the pa- 
itages of infection had in- 
ased considerably over 
)se recorded in November 
is noted that the general 
ationship between the sow- 
:s was the same as in the 
1 — that is, the early sow- 
's still showed the greatest 
ounts of infection. This 
licates that the influence 
the date of fall sowing on 
: disease may extend con- 
erably into the spring 
wing season. These data 
D indicate that the 
ounts of infection in the 
t sowings tend to catch 
with those in the early 
rings as the season ad- 
ices. 
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Fig. 6.— Graph showing the influencf of date of seeding in 
autumn on Helminthosporiuni infcrtion of the subterra- 
nean i^rts of Harvest Oueen and Turkey wheat plants 
grown in the field. Tabular data are given in Table TX. 


>pnng data on the Helminthosporiufli disease were not taken on the 
|v«t Queen plots, owing to complications from the rosette disease, 
ich attacks this variety but does not affect Early May wheat, 
jndoubtedly the time factor played a considerable part in the results 
bus wperiraent, but it seems rather doubtful if this wholly accounts 
the differences in the amount of disease in the different sowings. In 
er to eluninate the time element as far as possible from the field experi- 
hts, another method for taking data was adopted in the 1921 field 
t ^hstead of making the disease determinations for all the 
p ft ™ ®hme time, they were made as nearly as possible at a given 
n ^ sowing of each plot. Three linear yards of plants 
CO ectM from each plot, i yard from near each end and i yard from 

center of the middle drill rows. 

bom S obtained m this experiment are shown in Table IX. 
am . ^ ‘■osults and the curves shown in figure 6 it is evident that 
itivo?**?. , disease tends to be greater when high temperatures and 
‘tuelyhigh moistures prevail. 
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It will be noted that the high rainfall during the growth peritxjs «( 
the later sowings in 1921 tended to raise the disease curves, but intj, 
case of the last sowing it would seem that the decided drop in temper, 
ture had more influence on the disease than the marked rise in the sol 
moisture, since the disease curve went down at this time. 

While it was not possible under the prevailing conditions to obtain th 
data on the several plots at exactly the same interval after seedim 
this was done at intervals sufficiently close, as shown in Table ^ 
practically to eliminate the time element, except possibly in the cise 
of the seedings made on October 19 and November ii. In these case^ 
however, the increased time period should have increased infection 
but it did not seem to influence the results seriously. 

In general, the results from the field experiments are in line with thost 
obtained in the constant temperature experiments conducted ia tl( 
greenhouse. This seems to strengthen the idea that the results oi flu 
latter experiments are a safe index to the soil temperature influenu 
on the phases of the Helminthosporium disease under consideration. 

DISCUSSION 

While the foregoing results are considered as preliminary in nature, 
it seems evident that soil temperature and soil moisture are importaii 
factors in connection with the development of the Helmintliosporinii 
disease on the subterranean parts of spring and winter wheat and spiiut 
barley. Whether or not these are the most important environmeDti 
factors can not be determined from the data at hand. In this cot 
nection it is of especial interest to note that Hungerford (5) has obsene 
severe Helminthosporium injury to wheat plants in Idaho only in tl 
dry-land regions; and it is of further interest to note that he considei 
the trouble to be favored by a cold, wet spring followed by hot, dr 
weather. Obviously, these observations involved many variable facto 
the relative importance of which is not known at this time. 

Other factors than temperature and moisture undoubtedly influenai 
the development of the Helminthosporium disease. This conclusioi 
is supported by the fact that there has been some shifting in the teii 
perature optima of the several controlled experiments presented in tli 
work. Dickson (4) has noted that light exerted an influence on b 
soil temperature experiments with the Fusatium blight of wheat, andi 
may be that there was such an influence on the writer’s results withti' 
Helminthosporium disease. As yet, however, too little evidence b « 
hand to warrant a direct statement on this point. 

By way of comparison it is of interest to note the differences in respo® 
between the Fusarium and Helminthosporium seedling diseases ® 
wheat. Results obtained by Dickson (4) in his study of Fusarium blgb 
show that Turkey wheat (winter) is attacked, on the average, morevii 
orously at 28° C., whereas the urriter’s results with the Helminthospof"* 
disease show that Harvest Queen (winter) wheat is attacked, oa 
average, more severely at 32“. In the case of Marquis wheat ^ 
are the more striking in that Dickson’s average data show a 
with the optimum at 20°, whereas the same variety shows a much h'?® 
temperature optimum (28°) for the Helnunthosporium disease 
indiration of bhnodal tendency in the average data. A few of the v® ^ 
experiments with the Helminthosporium disease have shown a ■ 



ov. 3. IW 


Helminthosporium Disease of Wheat 


215 


light bimodal tendency, but this phenomenon has been discounted on 
he basis of experimental error and because the temp^ature optimum for 
he Helminthosporium disease probably is not a decidedly critical point, 
ut a rather limited range. 

As Dickson gives only a.verag« of a number of experiments, it can not 
e determined whether he is dealing with an actual or an apparent bimodal 
Dndition in Marquis wheat. It would seem that the int^retation of a 
ouble apex in a curve which represents the average results of a number 
f individual experiments must be considered from at least two angles: 
i) As the possible expression of shifting optima in the several experi- 
lents making up the average, and (2) as the expression of a true bimodal 
action. In the second case we would, and in the first case we would not, 
spect to find the bimodal character showing up in the individual experi- 
lents. Therefore, an analysis of the data from the individual experi- 
lents would seem necessary to interpret any bimodal tendencies. It 
’ould seem, therefore, that Dickson’s average data may represent only 
shifting optimum. 

While the data herein presented indicate that the date of seeding in- 
uences the severity of the Helminthosporium disease in winter wheat, 
ositive recommendations concerning a general seeding practice can not 
e offered until field sowings have been made with spring wheat and bar- 
y, and until more work has been done on the susceptibility of the plants 
nder different conditions and at different stages in their development, 
his seems especially true when it is consider^ that spring wheat and 
irley develop during a period of rising temperatures, whereas winter 
heat is first subjected to a period of descending temperatures, then to 
iw temperatmes fairly continuously, and later to rising temperatures, 
bviously, it is not safe to apply the results of field experiments with 
inter wheat to spring wheat or barley by recommending early planting 
the latter two cereals, but it does seem safe to assume that the late 
lauting of winter wheat, when other more important factors are not 
fected adversely, will tend to reduce the amount of Helminthosporium 
jury to the underground parts. Proper soil drainage also should aid 
1 reducing the disease, 

SUMMARY 

(t) Helminthosporium sativum P. K. and B. is a vigorous parasite, 
rder certain conditions, on all parts of wheat and barley plants. 

(2) H. sativum has been claimed by certain workers to be the direct 
luse of the rosette disease of wheat (sometimes called footrot and 
;ke-all), but m yet there is no positive proof of this causal relation. 

(3) In certmn districts, especially in the spring wheat belt, the Helmin- 
losponum disease is at times very severe. 

(4) Controlled greenhouse experiments and field experiments were 

m influence of soil temperatures and soil moistures 

'mtction of the subterranean parts of winter and spring wheat 
‘d barley plants. 

(5) In these studies fourteen constant soil temperature experiments 

let 'it'*' , alternating soil temperature experiment were con- 

ea in the Wisconsin soil-temperature tanks. Three soil-moisture 
made in the greenhouse, one of which was conducted 
junction with a soil-temperature series. 
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(6) Two field experiments were conducted in naturally infested soil 

located in the American Bottoms of the Mississippi River near Granite 
City, 111 ., opposite St Louis, Mo. ' 

(7) The results of all the experiments show that the Helminthosporinj 
disease as it occurs on the underground parts of wheat and barky i 
influenced by soil temperature and soil moisture. 

(8) The disease developed at all temperatures used between tlit 
extremes of 8“ and 35° C., but infection was greatly reduced toward tk 

extremes. , , ,. „ 

(9) The optimum soil temperature for the disease on Marquis (spnn.| 
wheat and on Hanna and Hannchen (spring) barleys was found to bt 
28“ C. For Harvest Queen (winter) wheat the optimum was 320 C. 

(10) There was some shifting in the optima of the several experiments, 
but it was limited to the high temperatures. This shifting is explaiial 
on a basis of other factors than moisture which were not unifoniil; 
controlled throughout all of the experiments. A control of such ami 
tain factors will make possible a more accurate determination oi ft 
temperature optima in future experiments. 

(ti) The disease seems to attack barley more freely than wheat il 

temperatures below 16“ C. . 

(12) In all experiments Marquis wheat has shown the highest siis 

ceptibility t* the disease. . .. . » 

(13) An experiment was conducted to determine the influence oi 
controlled alternating soil temperatures on the disease m comparisi 
with a constant temperature equivalent to the mean of the alternatu! 
S6rics. 

(14) Essentiallv the same amount of disease developed at the so 
temperatures which alternated between 14° and 30* C. every 12 bon 
as developed at the constant mean temperature of 22°. 

(15) These results are preliminary and represent but one simple M 

bination of time and temperatures, and, therefore, should not be give 
too wide an application. However, they do indicate that the consM 
temperature method probably ^ves a fair index to the influence 0 
temperatures under field conditions. , 

(16) Two soil-moisture experiments conducted in the greenhouse sn 
that high soil moistures favor the disease. A third moisture 
combined with a soil-temperature series also shows that high sofl moistu 
is more favorable to the disease at temperatures of 24° C. and awve 

(17) The results of this combined soil moisture and temperatuie eq 
ment indicate that the temperature optimum is not altered by c . 
in soil moisture, whereas changes in soil temperature do seem to 
rather regular shifting in the soil moisture optimum, m 

at and above 24° C. favor a high moisture optimum, while temper 

below 24° C. seem to favor low moisture optima. ^ 

(18) Two field experiments show that there is a direct corra 

between soil temperature and soil moisture and the developm ^ 
disease. Early-sown winter wheat is more severely anectM 
disease than late-sown winter wheat. These resulte are jjj] 

with the controlled experiments conducted in the soil tempera, 
since early sowings are subjected to higher soil temperatures 

late sowings. 
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PLATE 1 


Marquis wheat seedlings, healthy and artificially infected with Helminihosporim 
sativum. The healthy seedling at left was grown from disinfected seed sown ii 
sterilized soil. The other six are of the same age and were grown from the amt 
lot of disinfected seed but were sown in sterilized soil inoculated at sowing time witt 
conidia of H. sativum grown in artificial culture {culture gia). They show various 
types of primary infecticm. 

(» 8 ) 










PLATE a 

Marquis wheat seedlings, healthy and artificially infected with Helmintkosporium 

titinm. 

A.--Healthy plants from 115 disinfected kernels sown in steam-sterilized, imin- 
Kulated soil. 

5 ,— Infected plants, same age as A, from 115 disiolected kernels sown in part of 
the same lot of soil inoculated at sowing time with a water suspension of conidia of 
H. sativm grown in pure culture (culture 51a) isolated from wheat. 



PLATE 3 

Basal portions of Early May wheat plants infected with Hilminlkctponum fafi'tm 

A. — Discoloration of bases of nearly mature plants grown in Helmintho^uc 
infested soil in the field, characteristic d attacks of H. saliimm. 

B. — Discolored lesions on the bases of culms shown in A, the leaf sheaths haviij 
been removed. These are typical of basal discolorations caused by H. sativm. 






PUTE 4 

Portloiu of iHarvert Queen wheat leaves infected with Helmintkoiporium sativum. 
These leaf lesions with killed, bleached centers and dark brown margins are typical 
d seomdaty infectianl by H. sativum. X »• 




JIVE MOLDS AND THEIR PENETRATION INTO WOOD ‘ 

By E1.01SB Gbrry’ 

fyompuU Forest Products Laboratory, Forest Service, Uruted Stales Department 
of Agriculture 

INTRODUCTION 

During the war the necessity for shipping, kiln-drying, and otherwise 
landling green wood which was destined for special and exacting uses, 
ach as the construction of airplane parts or artillery equipment, caused 
pedal consideration to be given to the possible effects of molds develop- 
ng upon such material. Car loads of green lumber, for instance, often 
added heavily in transit; again, thick mats of mold developed at the 
jeginning of dry-kiln runs under the favorable conditions offered by the 
datively low temperatures and the high humidities used. Hence the 
juestion was repeatedly in the minds of inspectors and others responsi- 
)le for the use of the wood, as to whether the molds produced more 
lamage than the frequently obvious superficial discoloration. 

The following study was made at the Forest Products Laboratory in 
irder to determine, as far as it was possible to do so by the use of labora- 
ory cultures and with the aid of the microscope, the extent of the pene- 
ration of common molds into such woods. This work was begun in June, 
918, with some preliminary examinations of the effects of molds on 
rood. These showed no significant penetration of the ceU walls. The 
esttits here presented were obtained from a set of pure cultures prepared 
n June, 1919. These grew from that date until May, 1921, when they 
)egan to show signs of drying out (PI. i, D. E. F, and I). 

SPECIES OF WOOD 

Four species of wood were selected for this study: Sitka spruce {Picea 
itcknsis (Bong.) Trautv. and Mayer), a wood much used in airplanes, 
;ow oak (Qisercus michauxii Nutt.), a white oak, and a commercial red 
lak (Quercus sp.) used for propellers and for artillery wheels, and aspen 
Popidus iremuloides Michx.), selected because it is a W'ood easily attacked 
)y fungi. 

Test blocks of these woods were cut and planed to a size of 34 X X 
[Vi inches. All of the material was sapwood, with the exception of a 
Idle heartwood on the edge of some of the spruce blocks. Samples of 
ill the species were examined microscopically and found to be free from 
ungus hyphae before the blocks were prepared. Since the material 
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was air-dry, the blocks were placed in boiling distilled water for aboat 
five minutes and then in cold distilled water, in order to increase tht 
moisture content. The blocks in bundles of five were then sterilized 
for an hour under 5 pounds pressure in an autoclave. Besides the test 
blocks, irregular-shaped cultiure blocks of mixed hardwoods were pie. 
pared to serve as a foundation in the flasks. These were kept in distilled 
water at about the boiling point for several hours. Cold water was added 
to saturate the blocks, and they were sterilized under 10 pounds pressure 
for an hour. 

FLASK CULTURES AND THEIR INOCULATION 

Twenty-two flask cultures (duplicate series for the eleven molds used) 
were then prepared as follows: A layer of cotton linters was placed on 
the bottom of a liter flask. One hundred and fifty cc. of distilled water 
were poured in and the cotton made to lie flat on the bottom of the flask, 
A number of culture blocks suflficient to cover the bottom were then 
added and on top of these were placed five test blocks of each species. 
The mouths of the flasks were closed with cotton plugs, capped with i 
layer of cotton and a layer of cloth and firmly fastened down. 

The flasks were then sterilized, first for 30 minutes under 12 pounds 
pressure, then after 24 and after 48 hours, for i hour without pressure. 
In the meantime, water blanks were prepared and sterilized {20 cc. dis- 
tilled water in a plugged test tube). Inoculations were made by the 
spore suspension method. A sterilized wire loop was dipped into the 
water blank and then inserted under sterile conditions in a stock culture 
of the mold to be used. The adhering spores were then deposited in the 
water in the test tube, which was shaken well and poured into the pre- 
pared flask. 

SPECIES OF MOLDS 

PenicilUum luteum Zukal., P. rugulosum Thom, P. divaricatum Thom, 
Aspergillus flavus var., A. niger van Tiegh., Monilia sitophila (Mont.) 
Sacc., Cephalothecium roseum Cda., Craphium sp., Ceratostomello sp,, 
Mucor sp., and an unidentified form which is very commonly found o» 
Sitka spruce and red oak, were used. 

The cultures showed growth three or four days after they 
inoculated. The early growth was abundant on the surface and fluffy 
(PI. I, A, B, C, G, H). The cultures were placed in a partially darkenea 
cabinet, where they were frequently inspected, and here they were 
to develop at room temperature for a period of almost two years, hj 
May, 1921, signs of drying were apparent in the cultures, the 
appearance of which at that time is indicated by Figures D, E, r, an 
I in Plate i. , u 

Inspection on this date showed one series of 1 1 cultures, one 01 
mold used, to be still somewhat moist and apparently alive. It® 
were set aside in order that they might continue to grow and reacn 
greatest development possible. . 

Some of the duplicate cultures of these molds had become contamm 
during the two years’ growth, but five were pure— namely, Asper^' 
niger, Ceratosiomella sp.. Monilia sitophila, PenicilUum fas 

the unidentified form (No. 71218-1). These were opened and traa ' ^ 
were made. The test blocks were then preserved for sectioning 
solution of formalin and alcohol (6 cc. 40 per cent commercial to 
to too cc. 50 per cent alcohol). The transfers were made under si 
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nditions. Slivers of wood from the interior of the test blocks, the 
if aces of which had been washed off with a solution of mercuric chlorid, 
>re introduced into tubes of malt agar. These transfers indicated, after 
owing for a time, that each of the five original molds was alive and pure 
>11 below the surface of the block. 

The eleven cultures, which had been set aside for further growth, when 
spected on August 23, 1921, were apparently uncontaminated and 
ill growing. They were not reinspectrf until September 19, 1921, at 
bich time it was found that, after growing without apparent contami- 
ition for two years, the entire set had suddenly become seriously con- 
fflinated. It was concluded that there had probably been an Westa- 
m with mites. It was felt, however, that since the contaminating 
owth was of comparatively recent origin, information of some value 
ight be obtained by examining this material, although the results 
luld only be considered as supplementary and indicative, rather than 
inclusive. The examinations were made and yielded evidence in agree- 
ent with that obtained from the thorough study of the five pure cul- 
ires of the first series, which finally were the source of all the pure 
ilture material available for study as a result of this test. 

METHODS OF EXAMINATION 

Microtome sections were cut from the test blocks which had been pre- 
rved in formalin and alcohol and later soaked in glycerin and alcohol, 
ire was taken to obtain areas from the interior, as well as from the sur- 
ce, of the block in order that the character of the penetration of the 
fferent organisms might be thoroughly examined. Some cross sec- 
jns were cut, usually midway between the ends of the block. The 
Dgitudinal sections both radial and tangential were, however, on the 
hole, more satisfactory for study. 

METHODS OF STAINING 

The hyphae of these molds were for the most part colorless; often they 
ere very fine. Therefore, in order to facilitate the examination and 
le determination of the extent and character of the penetration of the 
olds by differentiating more clearly the mycelium from the host tissue, 
rae experiments were made with stains. A number of stains used for 
is purpose have been described ’ (5, 6, 8, 18, ig, eo) ; these were tried 
! the writer but did not appear entirely satisfactory. One very help- 
I staining method has been published since these tests were made (rr). 
It was felt that since fungi are understood to contain a very distinctive 
embrane substance (chitin) , some selective reaction could be found to 
'>8g out a contrast between the membranes of the fungous hyphae and 
the wood. At the suggestion of Dr. M. E. Diemer, experiments were 
sde with the application of gold and silver solutions. A preliminary 
)te on the use of these solutions has been published (9). &me of the 
suits obtainable are illustrated in Plates 2, 3. and 4. 

The methods employed with various reagents and the results obtained 
* given below in detail. The staining considerably facilitated the ob- 
lations on the extent of the penetration of the molds in the case in 
wd, although insufficient time was spent to perfect, in a comprehensive 
anner, the technique of applying the methods developed. The stains 
^d^we found to give good results in photomicrographing the material. 

aeierence is made by aumber (italic) to " literature citoJ," p. saS-aay. 



222 


Journal of Agricultural Research 


voixxvi,s4. 


"BERLIN blue” reaction 

The reaction described is cited under tests for the localization o 
proteins by Dr. Sophia H. Eckerson* in “Notes on Microchemistry,’ 
It was appUed with varying success. One excellent result is shown i 
Plate 2, A. In this instance the hyphae of the molds assumed a bright 
clear, blue color which caused them to stand out in striking contrast t 
the entirely uncolored background of the wood cells. The method use 
consisted in placing the sections in a dilute solution of potassium ferro 
cyanide (i part potassium ferrocyanide to 20 parts water and 10 aceti 
acid, sp. gr. 1.063). After about an hour the sections were careful] 
washed with 60 per cent alcohol and a few drops of dilute ferric chlorii 
were added. The hyphae immediately turned a clear transparent bb 

SILVER SOLUTIONS 


A saturated solution of silver nitrate in distilled water was prcparet 
as a stock solution and used in varying dilutions. This solution was 
effective in practically all cases. The mycelium in sections soaked it 
silver nitrate for periods varying from one to two hours to as many days 
assumed an orange, dark brown, or, in one ease, violet brown color ii 
contrast to the constantly lighter color of the wood tissue. 

Plate 2, D, shows what a striking differentiation may be obtained. It 
this specimen the organism was not a mold but a wood-destroying fra- 
gus. Plate 3, A, shows the mycelium of the mold Monilia sitophik in a 
piece of white 0^. Here one of the worst difficulties encountered mtli 
this stain is apparent, namely, the precipitate which, although it tes 
not interfere notably with the detection of the fungus, makes a dirty- 
looking preparation. No satisfactory yeans of removing the precipitat! 
was devised. It occurred even with extremely dilute solutions. 
Whenever the mycelium was well stained, a precipitate might k 
found, although it was not necessarily present, as indicated by 
Plate 2, D. Dissolving the precipitate invariably also bleached tit 
myceliiun. Slight assistance was obtained by washing with ammonia, 
sometimes followed by very dilute acetic acid. Sets of sections were 
also suspended in the silver nitrate solution vertically on platinum hoob 
and kept in the dark and in the light, respectively. Although this 
tended to eliminate the precipitate, the resulting differentiation was not 
so marked as when the sections were laid flat in an ordinary stall®? 
dish. Treating the sections with glycerin tended to improve the quality 
of the differentiation secured. Long soaking (over-night) in dilute sta® 
gave, on the average, good results. Permanent mounts of this matew 
were made by passing the sections through the usual dehydrating a|» 
hols, clearing in xylol, and mounting in Canada balsam. Crys® 
present in the wood often appear dark with this treatment. 

Silver lactate was suggested for use instead of silver nitrate, and so 
was obtained through the courtesy of Dr. Alfred Koehler , of the Uni'' 
sity of Wisconsin. It was not found to be as effective as the nitra ■ 
however. The precipitate was just as abundant and the rayceliuni 
less well stained. It was particularly noticeable with this solution 
in spruce the middle lamella and the “bars of Sanio” stained a ni 
orange, similar to the color acquired by the mold hyphae. 


• EocsasoN, Sophia H. notba on udocBuoiniT. (UnpnbUshad.) 
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GOLD solutions 

Of all the solutions used, c. p. gold chlorid in distilled water gave the 
iiost satisfactory results. The best differentiation was obtained with 
•ery dilute solutions (i part gold chlorid to 2000 parts distilled water) in 
fhich the sections were allowed to stand for a considerable period, 24 
lours or more (PI. 2, B and C; PI. 3, B; and PI. 4). Greater contrast 
ind quicker response were obtained in some cases by giving the sections 
1 preliminary treatment with borax (sodium biborate) or with a 2 to 10 
ler cent solution of sodium acid sulphite, or of sodium thiosulphate 
photographic hypo). With the gold solutions the mycelium appears in 
■arious shades of purples and reds against a paler or more bluish back- 
;round. A very clear differentiation is given, even in the case of the 
eiy fine mycelial threads. Interesting differentiations in the various 
leraentsof the wood itself are brought out by this treatment (Cf. PI. 3, B). 

OTHBR solutions 

Other chlorids, including those of mercury, platinum, and palladium 
Jso were tried, but were found to be decidedly less effective than gold. 

selenium dioxid 

Some selenium dioxid crystals were obtained through the courtesy of 
'rofessor Victor Lenher, department of chemistry. University of Wis- 
onsin. The wood was colored scarlet (especially if heated) by solutions 
t various concentrations, but no differentiation was obtained, 

EXTENT OF ATTACK OF MOLDS ON WOOD SPECIMENS 
ASPERGILLUS NIGER 

The culture of Aspergillus niger grew vigorously. It developed its 
naracteristic black spores on the surface of the blocks, as is indicated in 
late I, G. The individual test blocks, when removed from the culture 
ask, were found to be more or less discolored on the surface, chiefly by 
M dark, powdery spores of the mold. The ends especially, which were 
ot smooth like the sides, were much affected. The sides showed slight 
iscoloration, but the interior of the blocks, except for the growth in the 
ores or vessels, appeared to tie naked eye about as clean as at the begin- 
“Tg of the test. The exterior of the oak blocks was mote discolored 
™t of the spruce and aspen material. 

The mycelium of this mold was found chiefly in the vessel cavities. 
M hyphae developed abundantly in these open, readily accessiWe tubes 
M were chiefly confined to them, as is illustrated by Plate 2, C. Practi- 
iUy no penetration through the thick cell walls was found. The hyphae 
ere abundant in spruce (which has no vessels), but their course in this 
wies was chiefly longitudinal in the tracheid cavities; there was a 
'Biniuni number of crossings from cell to cell, and these appeared to be 
ifh P'ts or thin areas in the cell walls. The diameters of 

Byphae were larger near the surface of the wood than below. Little 
B injury to the wood was apparent in the material. 

CERATOSTOMELLA sp. 

blocks inoculated with CeratosUmella sp. did not show the char- 
L bluing usually associated with its presence in nature. Other- 
’ •>« development of the culture was normal. Some of the hwhae 

t(l37e_23 3 
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observed were very fine, especially in the aspen blocks. They wetf. 
hyalin in many cases before staining reagents were applied. The appear, 
ance of the blocks is shown in Plate i, H and I. The presence of a surface 
darkening is to be seen in the case of certain blocks in I. This darketimj 
was especially marked on the ends of the blocks and the surfaces showed 
discolored streaks. The growth within the blocks was less abundant in 
the case of this mold than with the other four species. It tended to be 
localized near the surface especially. The vessels contained the most 
mycelium, but hyphae were also present to some extent in the rays and 
fibers of aspen and white oak. In spruce the development was chiefly in 
the tracheids, and the hyphae extended longitudinally near the surface, 
No such marked effects on the wood were produced in this culture as in 
those described and figured by Hubert (ro, 12) who observed cell walls 
that were bored through and also exhibited surface thinning in instances 
where hyphae developed along the wall in contact with it. 

MOLD 71218-1 (an UNIDENTIFieD PORM COMMON ON SITKA SPRUCE .\SD 
RED oak) 

In the cultures of the unidentified mold No. 71218-1 the blocks showed 
a considerable dark discoloration on the surface. The development in 
aspen and spruce was not so vigorous as that of the other molds. Tie 
growthwasdiiefly longitudinal in the open cavities of the vessels, tracheids 
(PI. 2, A) , and resin passages. Except near the surface, the traversing oi 
cell walls appeared to be reduced to the lowest degree consistent with pro- 
gress froin cell to cell. Mycelium was found, however, in apsen fibers, in 
spruce rays and in the rays and vertical parenchyma of the white oat 
specimens. 

MONILIA SITOPHILA 


The aspen blocks which had been inoculated with Monilia sitopkik 
appeared clean for the most part, only slight darkening, probably due 
chiefly to water stain, occurring near the edges. The other species oi 
wood showed dark spots, and here and there slimy mats of mycelium 
adhered to the blocks. The growth of mycelium within the blocks was, 
however, abundant. Large twisted hyphae were present, especially at the 
center of the aspen block. In this case the growth of the mold was pot 
confined to the vessels but was abundant in the fibers, rays, and vertical 
parenchyma. Many of the hyphae bored through the cell wails asd 
traveled across the grain as well as longitudinally. This was noted pa-'" 
ticularly in the white oak specimens (PI. 3, A) . The spruce, on the other 
hand, appeared to be attacked chiefly near the surface (PI. 2, B). k 
that region the hyphae were large and abundant and showed less bonnj 
action on the cell walls than this fungus exhibited in the case of tie 
other species of wood. 


PENICILUOM divaricatum 

The external effect of Penicillium divaricatum varied consideraUf 
with the different species of wood. The aspen test specimens were ml 
clean looking to the naked eye, except for some spots and end darkenioS 
The spruce, although it showed only slight discoloration of the eo i 
seemed softer than the normal wood of tire species when it was cut 
preparing the sections for microscopic study. 'The red oak blocks show 
considerable end discoloration or darkening, and the white oak 
had this appearance in a still more marked degree. Mats of mycc“ 



if« j, -w Molds and their Penetration into Wood 225 

idhered to the wood and here and there dark areas were found on the 
iides of the blocks. 

The development of the mycelium within the blocks was especially 
marked and abundant in the case of this species of mold. The hyphae 
not only extended longitudinally, but frequently also bored transversely 
through even the thicker cell walls. In aspen and the oaks the mycelium 
]{ this fungus was found abundantly in the rays, fibers, and vertical 
parenchyma, as well as in the vessels (PI. 4). In the red oak particularly 
very fine hyphae, as well as coarse, vigorous ones were observed. In 
spruce the most abundant growth was near the surface, where very fine 
hyphae were produced, but the hyphae penetrated also to the very 
:enter of the block, traversing both the sapwood and the heartwood, a 
small amount of which was present in the test blocks. The tendency 
jf the hyphae of this mold to bore through thick cell walls, especially in 
the aspen blocks, is clearly illustrated in Plate 4. Their penetration 
through the end walls of vertical parenchyma cells is shown in Plate 4, B. 
The attack of Penicillium divaricaium upon the wood cell walls was the 
most effective of any observed in the study. 

DISCUSSION AND CONCbUSIONS 


The test blocks were frequently much discolored and stained by the 
surface growth or spores of the molds or by water stain; but they were 
not appreciably softened, except in the case of Penicillium divaricaium 
on spruce, where the wood appeared unusually soft when sectioned with 
the microtome. 


The development of the mold mycelium in the test blocks as observed 
under the microscope was found to vary considerably. Some of the 
molds showed more penetration of the cell walls than others, although 
practically all were found well below the surface of the blocks. More- 
over, growth in the vessel cavities alone, such as was found in the ease of 
red oak with Aspergillus sp. and Ceratosiomella sp., presumably indicated 
less damage to the wood than would be expected in those cases where 
the hyphae were present in the rays and fibers, as was the case especially 
with Monilia sitophila and Penicillium divaricaium and also with other 
molds in white oak and aspen. 

It is apparent from the results here shown that Monilia sitophila and 
Penicillium. divaricaium penetrated the cell walls of the wood to a greater 
extent than did the other molds. Observations on the behavior of 


Ceratosiomella sp., a blue stain fungus, made by others (ro, iz) have given 
ewdence that this mold can also penetrate the cell walls and cause their 
thinning to a greater extent than was observed in the present test, but it 
IS nevertheless maintained by pathologists that this does not materially 
sftect the strength of the wood for ordinary commercial purposes. 
r.It is apparent from the foregoing that the mycelium of certain molds 
may actually penetrate wood to a notable extent, even traversing thick 
Ml Walls (PI, 4, A, C, and D) . In general, however, it was observed that 
®e tendency was to follow ie cell cavities, especially those of the vessels 
w tracheids near the surface and (PI. 2, B, C) to pass from cell to cell 
5^gh the thin areas offered by the pits. 

the effect of such an infection upon the strength of the wood has not 
® determined; but, until they are proved not guilty, it would appear 
^t molds should be guarded against as much as possible in the endeavor 
jdvance the cause of general lumber sanitation, and especially should 
dmg be prevented in the case of material for exacting uses. 
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That cytolytic enzyms are produced by fungi, including some of those 
jassed as molds, has been pointed out by various investigators (i, 2 
1, 417, 3i 4 P- 7 i ty, 14, IS, 16, ry, 21, p. jji). Some report attacks 
,n the middle lamella, others on the cell walls. There is little which bears 
lirectly on wood although Ward (22) concluded: “It certainly looks 
^ if Penkillium may be a much more active organism in initiating and 
•arrying on the destruction of wood than has hitherto been supposed, 
lad that it is not merely a hanger-on or follower of more powerful wood- 
lestroying fungi. It is also doubtless very independent of antiseptics.” 
Finally, as has been pointed out, it is clear that certain molds may 
ictually Iwre through cell walls, or produce a surface thinning, presuma- 
)Iy through the activities of cytolytic enzyms (with an effect which 
hough probably limited is similar to that of a wood-destroying fungus). 
Moreover, conditions which foster the growth of molds will also permit 
ither fungi to develop and spread. Hence, moldiness of material is an 
ndication that it may have been subjected to more or less undesirable 
'onditions. Lastly, molds (commonly Penicillium divaricatum) are fre- 
juently isolated from seriously decayed or rotted wood, indicating that 
he molds flourish in that environment. 

With these facts in mind it is obvious that the prevention of the mold- 
ng of lumber is desirable. Although no method of peifectly controlling 
1 is known, a number of helpful methods have been, or are being devel- 
iped, hy experiment. The conditions favorable to the development of 
nolds in wood are abundant warmth and moisture. Free access of air 
ends to lower moisture content. Hence the open piling of the material 
dth good opportunity for circulation of air is of considerable assistance 
a preventing the development of molds. This may also be accom- 
ilished with varying degrees of success by treating the lumber with anti- 
eptic solutions. In some localities, and under ordinary conditions, a hot 
elution of 4 to 8 per cent sodium carbonate (soda ash) or 5 to 1 1 per cent 
odium bicarbonate (baking soda) may be used successfully as a dip for 
ne stock as it comes from the saw. These are not perfect protectors 
inder severe conditions, but either will assist in keeping the stock clean, 
here are other chemical dips, such as mercuric chlorid (0.1 per cent 
olution) which, because of its poisonous character, is not desirable, or 
Mium fluorid (3 per cent solution) which will generally prevent blue 
tarn but has not been found so successful with molds in general. Kiln- 
jying is an effective method of preventing infection and of killing molds 
heady present in lumber. Sometimes molds may develop abundantly 
1 the early stages of a kiln run. Their growth may be stopped, however, 
7 steaming the stock for one hour at 170® to 180° F. This treatment, 
loce the air is saturated, does not too rapidly dry the lumber. 


SUMMARY 

Pure cultures of five so-called molds, after growing in flasks for two 
s Were found to have developed mycelium in the wood below the sur- 
rh> , ^ ^ ^ ®hh test blocks of aspen, Sitka spruce, red oak, and 

I 'j® The mycelium was present in the center of tte hardwood 
The penetration was chiefly through the natural openings— that 
cavities, in the case of Aspergillus niger and Cera- 

sitophila and Penicillium divaricatum showed the greatest 
uot of development in the different wood elements and a marked ten- 
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dency to traverse cell walls. The unidentified mold No. 71218-1 was also 
found to have entered the wood fibers and parenchyma as well as the opej 
vessels and resin passages. 

Water solutions of gold chlorid and also of silver nitrate, but to a less 
satisfactory extent, were found to give good differential staining, con- 
trasting the mycelium with the host tissue so as to facilitate microscopic 
observation. 

The fact that certain molds may destroy cell-wall substance and that 
many produce a surface discoloration makes it desirable to prevent the 
occurrence of mold in material to be subjected to especially exacting 
uses. 
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PLATE I 

Mold cultures inoculated June, 1919. 

Photographs taken July, 1920, when cultures were moist: 

A. — Penkillium divarkatum. (Cf. D.) 

B. —PenkiUium rtigvlasum. Shows characteristic vigorous growth at this stogt 

C. — Monilia sHophla. (Cf. F.) 

G. — Aspergillus niger. 

H. — Cergtcsigmella sp. Blue stain. (Cf. I.) 

Photographs taken May, 1931, when cultures had considerably dried out; 

T).— Penkillium divarkatum. (Cf. A.) 

B.— Penkillium rugulcsum. (Cf. B) Characteristic loss of fluffy appearsnct 
with time and drying out of culture. 

F . — Monilia siiopHla. (Cf. C.) 
l.—CeratosUmella sp. Blue stain. (Cf. H.) 

bio) 
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PLATE 1 

A. —Sitka spruce inoculated with an unidentihed mold, commonly fotmd on this 
species in nature. The mold mycelium, stained by the “Berlin blue*’ method, ap- 
peared as clear bright blue threads. Section cut near surface. 

B. — Sitka sprace attacked by Monilia Htophila. Note development of large mycelia 
threads. Section stained with gold chlorid, applied iter a treatment od 5 hours with 
sodium acid sulphite. Section was in the gold solution 20 hours. 

C. — Aspen attacked by Asper^llw niger. Infection confined chiefly to the pores 
This section was soaked 6 hours in Ixwax (an unnecessari ly long time) , and left in gold 
chlorid solution 17H hours. 

D — Maple attacked by a wood-destroying fungus. Dilute silver nitrate used ver>' 
successfully as a stain. The wood appeared yellow and the fungus threads dark 
brou ti. There was no trace of precipitate in this case. 



PLATE 3 

A.— A white oak attacked by MoniUa sUophih. Section stained with silver nitialt. 
The precipitate which is often troublesome with this stain is apparent here, yet tie 
fungus is clearly diSerentiated. 

B— This unidentified fungus, present in some brash Sitka spruce Irom anotha 
investigation, is inserted because it illustrates the excellent diSerentiation, in tit 
case of both wood and fungus, that was obtained with an overnight staining in a dilate 
solution of gold chlorid applied after a treatment of less than one hour with sodiaa 
acid sulphite. 



Plate 3 
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PLATE 4 


A. -Aspen (radial section) attached by Penicillium dimricatum. Note mycelium 
lenetrating cell wall (arrow near center), traversing ray and fiber cavities. The color- 
ess mycelium of different sizes is differentiated from the host tissue in each case by 
oaking the section for some time in a dilute solution of gold chlorid in distilled water. 

B. — A white oak inoculated with Penicillium divaticalum. The fungous mycelium 
! to be seen in its course through a group of parenchyma cells. Stained with dilute 
pld chlorid from 8 a. m. to 4 p. m. 

C and D.— Aspen, same as A, but in tangential section. 




OMMON EARTHENWARE JARS A SOURCE OF ERROR 
IN POT EXPERIMENTS* 

By J. S. McHargub 

tstcrch Chemist, Department of Chemistry, Kentucky Agricultural Experiment Station 

In an investigation to determine whether or not manganese is neces- 
iry for the normal growth of plants, by means of carefully prepared pot 
Jtiires, ■ occasional results were obtained in the control pots which 
idicated that the plants were obtaining manganese from an unreeog- 
ized source. .Since manganese had been carefully eliminated from the 
md and the mineral nutrients mixed with it, it was evident that the 
ot was the source of manganese, although the pot was clean and appar- 
atly well glazed on the inside surface at the time the nutrients were 
dded. 

It had been observed previously that among the 8o pots in use in this 
speriment there were a few on which crystalline deposits of mineral 
utrients appeared on the outside after they had been wet a few times, 
his fact showed that the vyalls of the pots were porous and not suffi- 
iently well glazed to prevent the migration of moisture which carried 
le mineral nutrients in solution through the walls so that subsequent 
raporation and deposition of the mineral nutrients occurred on the 
iitside. Judging from external appearances, these pots were as well 
lazed as other pots on the outside of which no deposit of mineral nutri- 
»ts occurred. 

In Plate i, the only plate accompanying this article, and in references 
D which only_ the letters A, B, and C will be used, A shows the extent 
f the migration and deposition of the mineral nutrients through the 
«lls of the pot. The white, frosted material which appears plainly on 
te brown glaze extended practically over the outside surface of the pot. 
'ots similar in grade to those shown in A and C are in common use in 
ot experiments at agricultural experiment stations. 

The obser\'ation that a few of the total number of pots were sufficiently 
orous to allow mineral nutrients to migrate through their walls suggested 
K idea that other similar pots might have walls sufficiently porous to 
wb, from soils or sand used in culture experiments conducted in 
tfm, nutrients which would affect the results of other experiments 
lade in the same pots at a later time. 

ms conjecture is supported by results obtained in experiments with 
langanese. Tomato plants were grown in pots that had been previ- 
ay iised m other experiments and were similar in grade to the pot 
own in A. No deposit of mineral nutrients occurred on the exterior 
any of ffiese pots when like amounts and kinds of mineral nutrients 
t mixed with the sand in the several pots.' 
ro two of these pots containing tomato plants that were 

I . ^ ® purified sand and mineral nutrients. Manganese was carefully 
Pnta'^ H the sand culture on the left, whereas the one on the right 
ie ■i**' H manganese in the form of the carbonate. 

^ cultures were kept at the proper moisture content by frequent 
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weighings and the addition of distilled water during the time the plaij 
were making their growth. The plants on the rigit represent a sligim, 
more vigorous growth than those on the left. The plants on the Idj 
differed most from those on the right by the branches and leaves at tl# 
top becommg chlorotic a short time before the photograph for C naj 
made, whereas those on the right maintained a normal green cold, 
While the chlorotic condition of the plants on the left is characteristic oi 
the lack of manganese, this condition was expected to occur at a tnudi 
earlier time in the growth, unless the plants received manganese frm 
the pot. 

To prove that the pot was a source of manganese, new pots weti 
made of acid-proof stoneware and the experiment with tomato plait 
was repeated. The result is shown in B. 

The difference in the growth of the tomato plants in the pots on thi 
left in B and C is due to the fact that the pot on the left in C contaiid 
manganese absorbed in the.^walls of the pot, and this became availabli 
to the plants during the earlier part of their growth. Apparently tli 
supply of manganese became exhausted a short time before this photo 
graph was made, as is indicated by the fact that the branches and leave 
became chlorotic and showed other signs characteristic of plants deprive 
of the amount of manganese necessary for their growth. 

The plants in the pot on the left in B illustrate the condition attak 
when manganese is entirely eliminated from a sand culture contakiij 
available compounds of the lo elements which have hitherto ka 
regarded as all that are necessary for the growth of plants. The plait 
in the pot on the right in B grew in sand containing the same amount 
of these compounds and enough manganese carbonate to supply aboi 
0.25 per cent of the element manganese, to the sand. The plants i 
the two pots are of the same age. 

From the facts here presented it seems evident that earthenware pot 
of the grade in common use in pot experiments may be sufficiently pM" 
to absorb enough plant nutrients to affect the growth of other plant 
grown in the same pots at a later time. Acid-proof stoneware shoal 
be used in exact work. 




PLATE I 

A. — The frosted effect on the surface of the pot is due to mineral nutrients migntiDj 
through the walls. 

B. — The illustration on the left diows the effect produced when tomato plants jit 
grown in a pot made from acid-proof stoneware containing a sand culture free i 
manganese but with the same quantity and kind of other plant nutrients as the pot 
on the right. 

C. — The plants on the left obtmned manganese from tbe pot. Compare with tbi 
plants on the left in B. 



Plate I 





the physiological effect of GOSSYPOL' 

By Paui, Mbnadi’ 

Department of Chemistry, Oklahoma Agricultural Experiment Station 

Since the value of cottonseed and cottonseed meal as feedstuffs has 
xcome so widely recognized, numerous investigations have been made 
to determine the nature of the toxic substance contained in these prod- 
jcts. Various suggestions, summarized elsewhere (r, 2, 5, 6 , S),‘ have 
teen made as to the cause of poisoning and death resulting from the use 
3f cottonseed and cottonseed meal as feedstuffs. Withers and Carruth 
[g, 10) have shown that the poisonous property of the cottonseed is due 
to a phenolic substance called “gossypol,” first isolated by Marchlewski 
n 1899. 

The effect of gossypol poisoning on several species of animals is shown 
m the experiments recorded in this article. The gossypol used was pre- 
pared by crystallization from acetic acid, and was dissolved for use in 
fj/io sodium hydroxid, any excess alkali being neutralized with acid 
so that the solution was neutral to litmus. 

One-half gm. of gossypol administered orally produced no serious 
effects on a rabbit weighing 4 pounds. The rabbit ceased eatmg, but no 
symptoms of poison were noted. One-half gm. of gossypol injected 
btraperitoneally produced no abnormal symptoms for 36 hours, although 
the animal refused food during this time and on the fourth day there- 
after died. One-tenth gm. of gossypol Injected into the marginal vein 
of a rabbit weighing 4 pounds caused death in about four minutes. The 
animal acted as though it were being suffocated, leaping high into the 
air and gasping. Five-hundredths gm. was given to another rabbit in 
the same manner. In 10 minutes it became very weak and lay on the 
Boor, unable to move its limbs. Within an hour it had recovered the use 
pf its limbs and sat up, but 16 hours later it died, having developed 
penioglobinuria. Continued feeding of small amounts of gossypol, o.i 
gm. per day, to each of four rabbits resulted in intestinal inflammation. 
[The rabbits died about 14 days after the feeding of gossypol was begun. 

EFFECT OF GOSSYPOL ON HEMOGLOBIN ABSORPTION SPECTRA 

One-half cc. of washed blood corpuscles in 75 cc. of water were exam- 
led witlr the spectroscope. The two absorption bands near the "D" 
ne were very clear and distinct. One-hundredth, three-hundredths, and 
Mimdredths gm., successively, of gossypol in i cc. of solution were 
wed, but no change in the two lines near “D” could be detected, 
awe was no evidence that the oxyhemoglobin had been reduced. Since 
le solutions of gossypol are slightly yellow, the addition of gossypol to 
i^d solutions causes more of the blue in the spectra to be ab- 


' July .8, ,m. 
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EFFECT OF GOSSYPOL ON THE OXYGEN CAPACITY OF THE EIoob 

Fresh sheep’s blood was centrifuged to concentrate^ the corpuscles 
these were saturated with oxygen and used in the following experimeats’ 
The “oxygen capacity’’ was determined according to the method (i 
Van Slyke (7) . Determinations were made using the concentrated bloed 
corpuscles, and also using whole blood. In each case i cc. of a t pc, 
cent NaCl solution was added to 2 cc. of the corpuscles or of whole bloody 
the mixture placed in the apparatus, and the oxygen liberated deter- 
mined; two such determinations were made as a control in each series of 
experiments. Then a similar mixture was made of 2 cc. of blood cor- 
puscles or of whole blood, and 1 cc. of 1 per cent NaCl solution coj. 
taining a definite amount of gossypol, and the oxygen liberated dete- 
mined as before. 

For the first set of comparisons, the two determinations with blood 
corpuscles gave as results 0.75 and 0.745 cc. of oxygen; mean of tit 
two, 0.7475. ^ similar determination, using NaCl solution which con- 
tained 0.02 gm. of gossypol, yielded 0.35 cc. of oxygen, or only 46.8 pa 
cent of the mean of the two control determinations. With 0.0025 fo 
gossvpol, 0.48 cc. of oxygen was liberated, or 64.2 per cent. 

Two further determinations of the oxygen content of similar mixtures 
of blood corpuscles and NaCl solution gave 0.745 and 0.75 cc. of oxygen; 
mean, 0.7475, as before. With o.oi gm. of gossypol in the i cc. oi 
NaCl solution used, 0.48 cc. of oxygen were liberated; two further dete- 
minations, each with o.oi gm. of gossypol, gave 0.45 and 0.46 cc, 
respectively, of oxygen; mean of the three, 0.463, or 61.9 per centol 
the oxygen liberated with no gossypol present. 

Again, the two control determinations, with the usual mixture® 
blood corpuscles and NaCl solution, gave 0.64 cc. and 0.63 cc. of oxyger, 
mean, 0.635. Tlirea successive determinations, each with 0.004 
gossypol contained in the i cc. of NaCl solution, yielded 0.26 cc.,o.3C 
cc. and 0.30 cc., respectively, of oxygen; mean of the three, 0.287, » 
45.2 per cent of the oxygen liberated from the mixture free of gossypol 

A series of determinations was also made with a mixture of 2 cc. » 
whole blood and i cc. of the usual i per cent NaCl solution. Two coi 
trol determinations gave 0.43 cc. and 0.435 cc- of oxygen; meM, 0.4311 
Two determinations were then made with a similar mixture, me i c ■ 
NaCl solution of which contained in each case 0.005 
Each determination gave 0.32 cc. of oxygen, or 74.0 ^r cent 0 
mean value of the control determinations. And, finally, two sum* 
determinations, with double the amount of gossypol, or o.oi gm., m 
mixture, liberated 0.27 and 0.28 cc. of oxygen; mean, 0.275, o’" '>3 “l" 
cent of the oxygen liberated from the mixture free from gossypp*- . 

It is clear from the results here recorded that gossypol mhib 
liberation of oxygen from hemoglobin. This P^I^ty o' sucl 
evident even when very smaU quantiUes are used. The results ^ 
as might have been anticipated from the symptoms obse^ed m 
suffering from gossypol poisoning— namely, a shortness of bream 
ing muscular exertion. 
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HEMOLYTIC ACTION OF GOSSYPOL 

Gossypol dissolves in dilute alkaline solutions, thereby neutralizing 
(leni. If such solutions are shaken a thick foam is formed as in the case 
f saponins. The hemolytic power was determined on sheep’s blood, 
lie blood was Ts^hed three times by centrifuging. The corpuscles were 
ten suspended in suitable concentrations in physiological salt solution, 
be experiment was conducted at room temperature, 2o°C. Twenty- 
)ur cc. of diluted corpuscles were put into 30 cc. tubes and i cc. of a 
jlution containing a varying quantity of gossypol in 0.6 per cent NaCl 
ras added, the contents of the tube mixed, and the time of complete 
emolysis noted. The concentration of the corpuscles and the results 
btained are given in the following table; 


I . — Blood corpuscles diluted l cc. in g6 cc. 


Tube No. 

Gossypol 

added. 

Gossypol in 
tube. 

Approximate time of complete bnnolysis. 


Gm. 

0.025 

• 0125 
. 005 
.0025 , 

• 00125 
. 00 

P*T cent. 
a I 

•05 

.02 

.01 
.005 
. 00 

10 seconds, 
ao seconds. 

30 seconds. 

IS minutes. 

Only slight hemolysis noted in 3 hours. 
Unchanged in 5 hours. 






i 


II . — Blood corpuscles diluted I cc. in 24 cc. 


Tube No, 

Gossypol 

added. 

Gossypol in 
tube. 

Approximate time ol complete bemolysis. 


Gm. 
a 025 

Per cent. 

0. I 

10 seconds. 


i *0125 

• 05 

20 seconds. 


1 ,0005 

. 02 

35 seconds. 


.0025 

. 01 

Incomplete in 2 hours. 


.00125 

.005 

Unchanged in 3 hours. 



. 000 

. 000 

Unchanged in 5 hours. 


EFFECT OF COSSYPOL ON FISH 

Perch about 2 inches long were used in the following group of experi- 
lents. For each observation two fish were placed in a large jar contain- 
5 liters of the gossypol solution. The controls showed no signTof 
^ygcn deficiency after nine hours. 


*perimeutNo. 



Amount of 
gossypol. 

Dilution of 
gossypol. 

Ronarks. 

1 

j 



1 Gm. 

1 0. I 

1:50,000 : 

Both fish died in 4; minutes. Before death 


. I 

1:50, 000 

fish rose often to the surface and gasped, 
j Same as No. i. Air bubbled through water 


• 05 

1:100, 000 

' had no effect. 

Both died in hours. 


• 05 

1:100,000 

Same as No. 3. Air bubbled through the 



i 


water had no effect. 
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Experiments 2 and 4 indicate that death was not due to a lack oI 
dissolved oxygen in the water. 

The following experiments were made in duplicate and identical re- 
suits were obtained in each case. 

5. One-tenth gm. of gossypol, 25 cc. and 20 gm. of ether-extracted 
unheated cottonseed meal were mixed and added to 5 liters of water ii 
which two fish had been placed. The fish remained normal for nin 
hours. 

6. One-tenth gm. of goss3rpol and 25 cc. of HjO^ were added to 5 litas 
of water and two fish were placed in the solution. The fish died m ij 
hours, as in experiments 3 and 4. 

7. One-tenth gm. of gossypol, 25 cc. HjOj and 20 gm. of ether-extracted 
“ hot- pressed ” cottonseed meal were mixed and added to 5 liters « 
water, and two fish were dropped into the liquid. The fish died in ij 
hours, as in experiments 3, 4, and 6. 

Gossypol is toxic to fish as a dilution of i : 100,000; hydrogen perosk 
does not destroy its toxicity when in solution. Hydrogen peroxid, ii 
conjunction with unheated cottonseed meal, destroys the toxicity 0 
gossypoj when in solution, probably through the agency of a peroxidis 
enzym. 

AN.\LYSIS OF THE BLOOD AND URIN’E OF ADULT SHEEP ON A DIE! 

OF COTTONSEED MEAL 

An adult male sheep was fed i pound of cottonseed meal per daj 
beginning April 10. The sheep was kept on green pasture except durii 
the days when it was confined in a metabolism cage for the collection! 
the urine. Samples of blood and urine were collected at intervals, an 
upon analysis gave the results shown in the following table. The systci 
of blood analysis by Folin and Wu (j) viras followed for the determinatio 
of the blood constituents, and the methods outlined in Hawk’s Practici 
Physiological Chemistry (4) were used for the analysis of the urine. 


BLOOD CONSTITUENTS 



Apr. 

4- 

3^-4 

.069 

Apr. 

11. 

May 

9- 

May 

18. 

May 

«S- 

i 

June 

3. 

June 

8. 

June 

IS- 

June Jw 
24 1 

' .04^1 

Non-protein N in lagm. per joo 

cc-^loud — 

Sugar (per cent) 

33 

.071 

46.02 

.087 

44-43 

.084 

45 

-086 

44 

.087 

41-3 

.088 

.064 

URINE CONSTITUENTS 


Apr. 

16. 

May 1 May 

2. 1 6. 

May 

XS- 

May 

31 . 

May 

34- 

May 

3X- 

June 

3- 

June 

20. 

j. 

il 

JO- 

16" 

Volume in cc 

Specific eravity 

Total N in gm 

Urea N in gm 

Ammonia N in gm 

Creatinin N in gm 

Total acetone bodies in gm 

500 
i-ojO 
5-92 
3- 506 

1-33 

t.3 

•2S 

l,2SO| i>9lo 
1.032; I-Ol( 
19-09 22.22 

12-24 1 >6.39 
1-34 *-05 

1.21 1 1.24 

i 

a,3S0 

1.02 

23.25 

17-36 

1.071 

1.07 

1,600 

I. 017 

28.0 

2 

2,100 
I 023 

*3-85 

16.93 

2-99 

1.2 

! 

1,360 

1.033 

22.38 

17-14 

2.04 

t-5 

3 

t,Soo 

1. 030 

30-0 

24.13 

2.07 

i '3 

7 - 1 

1,550 

1 . 03*5 

26.26 

19.0S 

3-.53 

1-3 

1-5 


Cottonseed meal is here shown to have a diuretic action. At fi ^ 
concentration of the nonprotein nitrogen and sugar of the wo , 
increased, but after the second month they are lowered far oei 
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irujal. The urine constituents show the result of a high protein diet 
id also the development of slight acidosis. 

CONCLUSIONS 

Bv experiments on rabbits, gossypol is shown to be absorbed slowly 
leii administered through the diet, and its toxic action is slow to 
ike its appearance. When introduced directly into the blood stream 
1 toxic action is manifest at once. Its most serious effect is on the 
ood. By determining the amount of oxygen that can be liberated 
m blood before and after the addition of small quantities of gossypol, 
is dear that in some manner the gossypol prevents the liberation of 
;e oxygen from oxyhemoglobin. Gos^ol also exerts a hemol)i;ic 
ect on the erythroc^es. ^ 

Gossjpol causes death in animals by reducing the oxygen-carrying 
pacity of the blood. Thus an excessive burden is thrown on the 
ipiratory and circulatory organs which results in the condition found 
ammals that have died from gossypol or cottonseed meal poisoning — 
mely, a passive hyperemia and oedema of the lungs and some hydro- 
orax. These conditions are always present and are not due to bac- 
rial infection. 
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IRON CONTENT OP THE BLOOD AND SPLEEN IN 
INFECTIOUS EQUINE ANEMIA > 

By Lewis H. Wright 
Nmada Agricultural Experiment Station » 

Very little is known of the iron content of the blood or organs in 
factious equine anemia, other than the changes in the blood that 
late to the climcal hemoglobin estimation. While the writer w^as work- 
g OB the problem of infectious equine anemia as a whole this study 
IS undertaken. At the beginning of the investigation two problems 
esented thmselves One was found in the fact that in the examina- 
)n of the blood in this disease there was often a fairly high erythrocyte 
unt with a low hemoglobin percentage, together with many shadow 
ipuscles found in the smears, seeming to show a greater loss of hemo- 
jbm than the erythrocyte count in itself would indicate. For this 
Ison the determinations on the blood were made. The second orob- 
» was to determine the fate of the cells after destruction, if the anemia 
due to an increased datruction of red cells. In this disease it is ex- 
ptional to find any marked loss of blood or hemoglobin from the bodv 
ough any of &e tody discharges, as the urine or feces, nor does 
nimation of the unne disclose any marked evidence of an increased 
1 pigment elimination. There might of course be elimination through 
eces, but these have not been examined for iron. Since the spleen 
Tn!! iw erythrocyte destruction, tlie idea was suggested 

possibly there was unusual destruction of red cells in the spleen 

■e midf splenic determinations 

'^hen properly fixed and stained 
losideto iron-containing pigment, probably 

elimination 

he whole nr ^ important phases 

I for he^fn^ ^r-^ ^ of available 

iethis ’ of ‘■ed cells. Increased iron elimination might 

'“■‘foie are far too few for one to at- 
’estive Po^J^ve deductions from them, but they are certainly 

Cer "0 PuW'shed for what they are worth. The fact that 
theinmmni^f opportunity to continue this study accounts 

he “completeness of the data here presented. 

1, ff*® determinations was drawn from the jugular 

pie weivheH^h^/^**^ f'**' laboratory at once, and the 

spleen ohance for loss by evaporation. 

Hi as autopsy, which was made as soon after 

1 ° _ O' ®*uall portion of the spleen was cut off, put into a 

>5. 'W- 

Eesrarch, ~ “ 
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jar, and at once taken to the laboratory, where it was weighed, u 
iron content was determined on air-dry material. The loss in ' 
was noted, and the iron found was calculated to parts of FejO, per thoij 
and parts of fresh sample. The iron was determined on i-gm. satnola 
by the iodometric method of A. Neumann ’ after destruction of hj 
organic matter by digestion -mth a mixture of sulphuric acid and nitij 
acid. Care was necessarily taken to use reagents that were free 
iron, and samples were at no time exposed to contamination by metalli 
iron or its salts. The total red counts were made in the usual maum 
the ordinary precautions being observed. The blood was procured ft* 
the under surface of the tail. The hemoglobin was determined by t'” 
Talquist method. 

Taels I . — Iron ainUni of horses’ spleen in infectious anemio 


No. 

Descriptioa of toisuL 


Spleen 

vdsbt* 

Solids, 
eiNiry 
puts per 

i.ooe. 

Fe*Oi 

fieth 

putiper 

t.OOQ. 

i 

Tn 

U 




Gm. 



Gk 

17 

Young, normal; shot, 

Mar. a 

910 

220. 6 

0. 29 

a 

9 

Aged, normal ; shot 

Mar. i8 

h 240 

238.6 

5-59 

t 

i 

Aged, normal; shot 

May 27 

1.025 

253-3 

4-23 


2 i 

Young, bled liters, Aug. 8; 







shot 

Aug, 12 

787 

244.0 

-48 


20 

Young, bled lo liters, Aug. 8; 







shot 

Aug. 14 

910 

234-5 

.28 

,1 

6 

Young, acute infectious equine 







anemia; died 

Apr. 16 

6.257 

250.0 

1.18 

rl 

31 

Aged, acute infectious equine 







anemia; died 

Sept. 29 

5.233 

300 . 0 

1.08 


2O 

Aged, acute infecUous equine 







anemia; died 

Feb. 23 

5,129 

272.4 

2-45 

:•( 

753 

Young, chronic infectious 







equine anemia; shot 

Feb. 26 

1,025 

228. 9 

-43 


23 

Aged, chronic infectious 







equine anemia; diot 

Feb. 25 

*'934 

222.0 

3.48 


18 

Aged, chronic infectious 







equine anemia; shot 

Feb. 10 

2,365 

236.1 

2-58 


*S 

Aged, chronic infectious 







equine anemia; shot 

Mar. 18 

1 365 

222.3 

4.44 



Averages: 







Acute infectious equine 











1-23 



Bled 





-38 





2,058 " 

237-5 

3-37 

j 


Chronic infectious equine 








227. 5 

3.23 






2d<;.o 

4 - 9 ' 







.29 







2. 9S 

h 


Total young 


1 . 997- 8 

> 35-6 

-53 



As has been previously stated, this study is based on a very 
number of cases and, therefore, any statements made must be g 
However, the results of these determinations on the blood an^ 


< KsuicAim, Albert, xtebbe bike smTAcnB mbtbodb dkx EtssNBBsmcHVNO 
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3ffl normal horses are in accord with those of other observers. It is 
interest to note the enormous increase in iron in the spleens of old 
limals over that in young ones. A study of Table I indicates that the 
lantity of iron is greatly increased in the spleens of young horses suffering 
am acute infectious equine anemia, a condition which would naturally 
How from the great destruction of red cells. Such a statement does 
)t hold true, however, for old horses or chronic cases. The spleens 
3ni old animals with chronic anemia usually show less iron than those 
m old normal horses. The weight of the spleens from the acute 
ses is nearly five times as great as those from normal animals or ani- 
als with chronic Memia. It is worthy of note that the old horses 
ffering from the disease in an acute form had greatly enlarged spleens 
It the total iron content was only slightly greater than in the old 
limals that were normal. This is just contrary to the results found 
.\o. 6. There sems to be no increase in iron in the spleens of young 
jmals with chronic cases. As a general observation, the evidence of 
lemia is less marked in the chronic cases than in the acute ones. 


TablS II. Iron content of hordes * blood in infectious equine 




I CdadiUoa of aoimal at time of takint I 
' blood. 


! Solids, alr- 
D*te. I dry parts 


i Normal 

i ' do 

5 do * I 

J do ^ ’ 

) do ^ 

i Sick 

; Normal ] 

i do 

i : Sick 

i ; do ” ’ * 

i ’ Normal 

> Normal, bled lo liters Aujr. 8 

’ Normal 

...do 

Sick 

....do 

j Norm4,bled9XmeraAug:8; 

I Sick * 

I do ’ 

1 Normal 

I do 

Sick 

■ -.do 

i Normal 

do 

do.... 

Very ill.. 

Normal 


Averi 


ages: 
Normal . 
Sick.... 
Bled , . . 


60376 - 23 - 


Apr. 
May 
I Apr. 
May 
Apr. 
i. . .do. 
May 
Jtine 
Aug. 
Sept. 
Nov. 
Aug. 
June 
Aug. 
SepL 
Sept 
Sept. 
Aug. 
Aug. 
Sept. 
Nov. 
SepL 
Nov. 
Nov. 
Apr. 
June 
Aug. 
SepL 
June 
June 


196.0 

215.0 

200.0 
204.6 

197.4 

211. 1 
23r.6 

2CI. 2 

193-7 

195-3 

23a 7 

182. 4 

188.5 
20a I 

158.4 
• 53-4 
• 47-9 

149.8 

205.9 
178.8 
182. 5 

179. 1 

181.5 

227.6 

146.7 
200. 7 

190. 2 
186. 1 

117.7 

218.8 


204.6 

*73-9 
166. 1 


PerOjin ! 
ftahpartt' 
per 1 , 000 . 1 


Per eenf. 

90 

100 

90 

90 
90 
90 
100 
100 
80 
' 80 

90 


•S 77 
•371 
• 340 


80 


80 


Brythfo. 

cytes. 


7.964.000 
8, 032,000 
7, 244, 000 
7, 6487 000 

7. 860. 000 

6. 836. 000 

7. 964. 000 

7. 856. 000 

7. 288. 000 

6.972.000 

8. 262. 000 


6. 974. 000 

6. 464. 000 


7.844.000 

6. 864. 000 

6. 824. 000 

6. 988. 000 

6. 464. 000 


7, 764, 000 


7. 688. 000 

3. 486. 000 


7. 622. 000 

6.371.000 
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The averages from Table II show what one might expect, thats 
that the average totals of the solids — iron, hemoglobin, and erytW 
cytes — are greater in the normal animals than in Ae sick ones. Uj. 
is more act^ anemia due to a lack of iron, and therefore a deficiency j 
hemoglobin, than the total erythrocytes would indicate. This al* 
would be expected from the large number of shadow corpuscles wfid, 
are often found in cases of anemia. 

The increased iron content of the spleens of the young animals on 
not be due solely to the increased quantity of blood in the organ, [or J 
the extra weight of the spleen were due wholly to the weight of 
the additional iron would not be sufficient to account for the increaa 
A study of the tables substantiates this statement.* 


' The writer takes this occasion to ezpreu his {latitude to Pnf. M. R. Miller for valuable bcb nnj 
advice In carrying out this invcatlgatioa. 
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